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PART  I. 


STRUCTURAL  AND  PHYSIOLOGICAL  BOTANY. 


9.  The  principal  subjects  which  belong  to  this  department  of 
Botany  may  be  considered  in  the  most  simple  and  natural  order 
by  tracing,  as  it  were,  the  biography  of  the  vegetable  through  the 
successive  stages  of  its  existence,  —  the  development  of  its  essen- 
tial organs,  rooty  stenij  and  foliage^  the  various  forms  they  assume, 
the  offices  they  severally  perform,  and  their  combined  action  in 
carrying  on  the  processes  of  vegetable  life  and  growth.  Then  the 
ultimate  development  of  the  plant  in  flowering  and  fructification 
may  be  contemplated, —  the  structure  and  office  of  the  fiowcr,  of 
the  fruit,  the  seed,  and  the  embryo  plant  it  contains,  which,  after 
remaining  dormant  for  a  time,  at  length  in  germination  develops 
into  a  plant  like  the  parent ;  thus  completing  the  cycle  of  vegetable 
Kfe.  A  preliminary  question,  however,  presents  itself.  To  under- 
stand how  the  plant  grows  and  forms  its  various  parts,  and  to  get 
a  clear  idea  of  what  growth  is,  we  must  first  ascertain  what  plants 
are  made  of. 


CHAPTER     I. 

op  the  elementary  structure  op  plants. 
Sect.  L    Op  Organization  in  General. 

10.  The  Elementary  Conititntion  of  Plants.    In  considering  the 

materials  of  which  vegetables  are  made,  it  is  not  necessary  at  the 
outset  to  inquire  particularly  into  their  chemical  or  ultimate  com- 
position, that  which  they  have  in  common  with  the  mineral  world. 
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PREFACE. 

f 


This  compendious  treatise  is  designed  to  furnish  classes 
in  the  higher  seminaries  of  learning,  colleges,  and  medi- 
cal schools,  as  well  as  private  students  generally,  with  a 
suitable  text-book  of  Structural  and  Physiological  Botany, 
and  a  convenient  introduction  to  Systematic  or  Descriptive 
Botany,  adapted  to  the  present  condition  of  the  science. 
Tlie  favor  with  which  the  former  editions  have  been  re- 
ceived, while  it  has  satisfied  tlie  author  that  the  plan  of  the 
work  is  well  adapted  to  the  end  in  view,  has  made  him  the 
more  desirous  to  improve  its  execution,  and  to  render  it  a 
Ijctter  exponent  of  the  present  state  of  Botany.  In  this 
view,  the  structural  and  physiological  part  of  the  work,  and 
the  chapters  on  the  Principles  of  Classification  and  of  the 
Natural  System,  have  been  again  almost  entirely  rewritten, 
and  such  changes  made  as  the  advanced  state  of  our  knowl- 
edge required,  or  the  author's  continued  experience  in 
teaching  has  suggested.  This  has  been  done  without  in- 
creasing the  extent  of  this  part  of  the  volume,  which,  con- 
sidering the  limited  time  devoted  to  the  study  in  our  col- 
leges, &c.,  is  found  to  be  as  full  as  is  desirable  for  a  text- 
book. Being  intended  as  a  manual  for  instruction  merely, 
the  Illustrations  of  the  Natural  Orders,  which  form  the  prin- 
cipal portion  of  the  systematic  part  of  the  work,  are  brief 


IV  PREFACE. 

and  general.  Such  a  sketch,  liowevcr  amplified,  could  never 
take  the  place  of  a  Flora,  or  System  of  Plants,  but  is  de- 
signed merely  to  give  a  general  idea  of  the  distribution  of 
the  vegetable  kingdom  into  families,  &c.,  with  a  cursory  no- 
tice of  their  structure,  properties,  and  principal  useful  pro- 
ducts. In  applying  the  principles  of  classification,  and  his 
knowledge  of  the  structure  of  plants,  to  the  investigation  of 
the  plants  that  grow  spontaneously  around  him,  the  student 
will  necessarily  use  some  local  Flora,  such,  for  example,  as 
the  author's  Manual  of  the  Botany  of  the  Northern  United 
Stales.  For  particular  illustrations  the  botanist  may  ad- 
vantageously consult  the  author's  Genera  of  the  Plants  of 
the  United  States  illustrated  by  Fibres  and  Analyses  from 
Nature^  of  which  two  volumes  have  been  published. 

About  twenty-four  of  the  wood-cuts  are,  l)y  permission, 
selected  from  original  sketches  made  for  a  Report  on  the 
Trees  of  the  United  States^  in  preparation  by  the  author  for 
the  Smithsonian  Institution.  The  numerous  figiu-es  added 
to  this  edition  are  wholly  of  an  original  character. 

The  numerals  enclosed  in  parentheses,  which  abound  in 
the  pages  of  this  work,  are  references  to  other  and  mostly 
earlier  paragraphs,  in  which  the  subjects  or  the  tenns  in 
question  are  treated  of  or  explamed. 

A  full  Glossary  or  Dictionary  of  Botanical  Terms  (com- 
bined with  an  Index)  is  added  to  the  volume.  In  this,  it 
is  thought,  the  student  will  find  explanations  of  all  the 
technical  botanical  terms  he  is  likely  to  meet  with  in  descrip- 
tive works,  written  in  the  English  language.  The  words 
are  here  accentuated,  in  all  cases  where  this  seemed  to  bo 
needful. 

Harvard  University,  Cambridge,  Sept.  1857. 
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BOTANICAL    TEXT-BOOK 


INTRODUCTION. 

GENERAL  VIEW  OP  THE  SCIENCE. 

1.  Botany  is  the  Natural  History  of  the  Vegetable  Kingdom. 
The  vegetable  kingdom  consists  of  those  beings  (called  Plants) 
which  derive  their  sustenance  from  the  mineral  kingdom,  that  is, 
from  the  earth  and  air,  and  create  the  food  upon  which  animals 
Hve.  The  proof  of  this  proposition  will  be  hereafter  afforded,  in 
the  chapter  upon  the  Food  and  Nutrition  of  Plants.  The  vegetable 
kingdom,  therefore,  occupies  a  position  between  the  mineral  and 
the  animal  kingdoms.  Comprehensively  considered,  Botany  accord- 
ingly embraces  every  scientific  inquiry  that  can  be  made  respect- 
ing plants,  —  their  nature,  their  kinds,  the  laws  which  govern 
them,  and  the  part  they  play  in  the  general  economy  of  the  world, 
—  their  relations  both  to  the  lifeless  mineral  kingdom  below  them, 
from  which  they  draw  their  sustenance,  and  to  the  animal  kingdom 
alx)ve  them,  endowed  with  higher  vitality,  to  which  in  turn  they 
render  what  they  liave  thus  derived. 

2.  There  are  tluree  aspects  under  which  the  vegetable  world  may 
be  contemplated,  and  from  which  the  various  departments  of  the 
science  naturally  arise.  Plants  may  be  considered  either  as  indi- 
vidual beings ;  or  in  their  relations  to  each  other,  as  collectively 
constituting  a  systematic  unity,  that  is,  a  vegetable  kingdom ;  or  in 
their  relations  to  other  parts  of  the  creation, —7  to  the  earth,  to 
imimab,  to  man. 

3.  Under  the  first  aspect,  namely,  when  our  attention  is  directed 
to  the  plant  as  an  individual,  we  study  its  nature  and  structure,  the 
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34  THE  ELEMENTARY  STRUCTURE   OF  PLANTS. 

as  well  as  in  living  ones.  The  law  is,  that  when  two  fluids  of  un- 
equal density  are  separated  by  an  organic  membrane,  or  by  any  thin 
and  porous  partition,  an  interchange  takes  place,  —  more  or  less 
rapidly  according  to  the  thinness  of  the  intervening  partition  and 
the  difference  in  the  density  of  the  fluids  on  the  two  sides,  —  a  small 
quantity  of  the  denser  fluid  passing  into  the  lighter,  but  a  much  larger 
portion  of  the  h'ghter  passing  into  the  denser;  and  this  continues 
until  the  two  fluids  are  brought  to  the  same  density.  Hence,  as 
the  cells  of  a  living  plant  always  contain  organizable  or  assimilated 
matter  (mucilage,  protoplasm,  &c.),  which  especially  abounds  in 
young  and  growing  parts,  the  cells  of  the  rootlets  are  always  able 
to  imbibe  the  ordinary  moisture  which  is  presented  to  them  in  the 
soil ;  and  by  diminishing  the  portion  of  water,  or  in  any  other  way 
increasing  the  density  of  the  liquid  contents  of  the  cells  of  any  part 
of  the  plant,  a  flow  may  be  attracted  into  them. 

41.  Increase  of  Cell-walls  in  Thiekness.    Up  to  a  certain  point,  the 

walls  of  cells  thicken  as  they  grow  by  the  incorporation  of  new 
matter  iivterstitiaUy  into  their  substance.  Afler  attaining,  for  the 
most  part  rapidly,  a  definite  size,  the  cell  ceases  to  enlarge,  and  its 
wall  no  longer  incorporates  new  materials.  Some  cells  remain  with 
exceedingly  thin  and  delicate  walls.  But  in  most  cells  that  make 
part  of  the  permanent  structure  of  a  plant,  the  cell-membrane  con- 
tinues to  thicken  long  afler  it  has  ceased  to  enlarge.  Then  the 
new  mutter  can  no  longer  be  incorporated  with  the  old;  but 
the  thickening  is  now  effected  by  its  deposition  on  the  inner  sur- 
face of  the  original  membrane,  between  it  and  the  protoplasmic 


slightly  sweet ;  showing  that  a  small  qnantitj  of  sirnp  has  passed  throagh  the 
pores  of  the  membrane  into  the  water  without,  while  a  much  larger  portion  of 
water  has  entered  the  tube.  The  water  will  continue  to  enter  the  tube,  and  a 
small  portion  of  simp  to  leave  it,  until  the  solution  is  reduced  to  the  same 
strength  as  the  liquid  without.  If  a  solution  of  gum,  salt,  or  any  other  sub- 
stance, be  employed  instead  of  sugar,  the  same  result  will  take  place.  If  the 
same  solution  be  employed  both  in  the  vessel  and  the  tube,  no  transference  or 
change  vnW  be  obsen*cd.  But  if  either  be  stronger  than  the  other,  a  circulation 
will  bo  established,  and  the  stronger  solution  will  increase  in  quantity  until  the 
two  attain  the  same  density.  If  two  different  solutions  bo  employed,  as,  for 
instance,  sugar  or  gum  within  the  tube,  and  potash  or  soda  without,  a  circula- 
tion will  in  like  manner  take  place,  the  preponderance  being  towards  the  denser 
fluid,  and  in  a  degree  proportionate  to  the  difference  in  density.  Instead  of  ani- 
mal membrane,  any  vegetable  matter  with  fine  pores,  such  as  a  thin  piece  of  wood, 
or  even  a  porous  mineral  substance,  may  be  substituted,  with  the  same  result 
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Uning.  Every  degree  of  thia  Becondaiy  deposition  occurs,  from  a 
slight  increase  in  the  thickness  of  the  membrane  to  the  filling 
up  of  the  greaier  part  of  the  cavily  of  the  cell.  Any  hard  wood 
furnishes  illustrations  of  this.  Indeed,  the  difference  between  sap- 
leood  and  heart-teood  in  trees  is  principally  owing  to  the  increase 
of  this  deposit,  which  converts  the  former  into  the  latter;  as  may 
be  eeen  by  comparing,  mider  the  microscope,  the  tissue  of  the  older 
with  (bat  of  the  newest  rings  of  wood, 
taken  from  the  same  tree.  Figures 
196  —  199  Bbow  this  in  a  piece  of  oak 
wood.  Fig.  29  represents  a  highly 
magnified  cross-section  of  some  wood- 
cells  from  the  bork  of  a  Birch,  with  "  * 
tbeir  calibre  ahnogt  obliterated  in  this  way.  It  is  by  the  same 
process  that  the  stone  of  the  peach,  cherry,  &c  acquires  its  extreme 
Similar  indurated  cells  of  tbe  same  kind  ore  met  with 
even  in  the  pulp  of  some 
fruits,  as  in  the  gritty  grains, 
which  every  one  bos  noticed 
in  the  flesh  of  certain  pears, 
especially  of  the  poorer  sorts. 
A  section  of  a  few  cells  of  tbe 
kind  is  represented  in  Fig. 
27,  with  their  eavity  much 
reduced  and  rendered  very 
irregular  by  this  internal  in- 
crustation. Similar  cells  may 
be  found  in  some  parts  of  tbe  tissue  even  of  such  juicy  fruits  as  the 
mulberry  and  the  blueberry  (Fig.  28). 

42.  The  thickening  matter,  when  pure,  is  of  the  same  nature  as 
the  original  membrane  of  the  cell,  that  is,  it  consists  of  cellulose 
(27).  But  wilh  this  are  mingled  some  mineral  matters,  —  small 
quantities  of  which  must  needs  be  dissolved  in  the  water  which 
tbe  plant  imbibes  by  its  roots,  and  be  deposited  in  tbe  cells  of  the 
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wood,  and  especially  in  those  of  the  leaves,  where  much  of  the  water 
escapes  by  evaporation,  —  and  sometimes  certain  coloring  matters 
also,  such  as  give  the  different  tints  to  heart-wood,  &c.  Even 
when  purified  as  much  as  possible  from  all  admixture  of  foreign 
materials,  the  secondary  deposit  is  said  to  differ  a  little  from  cellu- 
lose, or  original  cell-membrane,  in  containing  a  somewhat  larger 
proportion  of  carbon  and  hydrogen :  it  is  therefore  richer  in  combus- 
tible matter.  Forming  as  it  does  the  principal  part  of  the  weight 
of  wood  {lignum)^  it  has  received  the  name  of  Lignine  (also  that  of 
Sclerogen) ;  but  it  is  only  cellulase  a  little  modified.  Tliis  differ- 
ence in  chemical  composition,  however,  shows  why  the  hard  woods, 
such  as  liickory  and  oak,  which  abound  in  this  lignified  deposit, 
should  be  more  valuable  for  fuel,  weight  for  weight,  than  the  soft 
woods,  which  have  little  of  it;  at  least,  when  the  latter  are  not 
charged  with  resinous  matter.* 

43.  The  section  of  the  wall  of  a  cell  thickened  by  internal 
deposit,  when  moderately  magnified,  commonly  appears  to  be  homo- 
geneous and  uniform.  But  under  a  high  magnifying  power  it  may 
oflcn  be  distinguished  more  or  less  distinctly  into  successive  con- 
centric layers  (Fig.  27  -  31).  However  this  may  be,  it  rarely  hap- 
pens that  the  thickening  deposit  is  spread  evenly  over  the  whole 
inner  surface  of  a  cell.  It  is  commonly  interrupted  or  much  thinner 
at  some  places,  so  as  to  give  the  diminished  cavity  of  the  cell  veiy 
irregular  outlines  (as  in  Fig.  27,  28) ;  or  else  it  is  wanting  at  cer- 
tain small  and  definite  spots,  which,  being  more  transparent,  when 
looked  down  upon  from  the  outside  appear  like  holes  or  pores  (Fig. 
32,  56,  57)  or  slits  (Fig.  58,  59),  according  to  their  shape.  In  this 
way  are  formed  the  various 

44.  Markings  of  Ihe  Walls  of  Cells.  Tliese,  whether  in  the  form  of 
bands,  spiral  lines,  dots,  or  apparent  pores,  all  arise  from  the  unequal 


*  From  tho  manner  in  which  the  thickening  tokos  place,  it  would  appear  that 
the  innermost  layers  mast  always  bo  the  most  recent.  But  M.  Trdcul  has  con- 
vinced himself  that  the  primary  ccll-membrane  sometimes  produces  a  secondary 
one  outside  of  itself,  as  well  as  on  tho  inside,  so  that  the  original  cell-wall  is 
intermediate.  And  also,  that,  when  the  thickening  deposit  is  wholly  within  the 
primary  wall,  the  intermediate  layers  are  occasionally  secreted  in  some  way  hy 
the  outer  or  inner  ones,  and  therefore  more  recent  than  the  inner.  Unlikely 
as  all  this  seems,  M.  Trdcul's  investigations  are  entitled  to  great  attention. 
His  elaborate  memoir,  upon  Secondary  Formations  in  Cells,  is  published  in  the 
Annales  des  Sciauxi  NaturdUs,  4th  scr.  YoL  II.  1S54. 
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dutributicn  of  the  Eccondaty  deposit  They  are  portions  of  the 
walla  which  are  either  thinner  or  thicker  than  the  rest.  These 
mailings  display  the  greatest  variety  of  forms,  many  of  them  of 
•orpassing  elegance.  The  principal  kinds  occur  with  perfect  uni- 
ffMinity  in  each  species  or  family,  and  in  definite  parts  of  the  plant; 
M>  Hmt,  in  a  multitude  of.cases,  the  sort  of  plant  may  be  as  certainly 
identified  by  the  minute  sculpture  of  its  celb  alraie,  as  by  more  coa- 
■ptcnous  external  characters.  They  are  preserved  even  when  the 
tissue  is  fossilized,  and  the 
external  fbnn,  with  every 
outward  appearance  of  or* 
pnizadon,  is  obliterated. 
llutN^fa  thin  slices  and 
other  cootrivances,  the  hid- 
den gtrticture  is  revealed 
imder  the  microscope,  and  { 
(has  the  true  nature  of  the 
earth's  earliest  vegetation 
may  be  oflen  satisfactorily  made  out. 
In  this  way,  and  by  taking  advantage  of 
the  Gkct,  that  the  secondary  deposits  in 
the  cells  contain  a  good  deal  of  mineral 
matter,  which  is  left  behind  in  the  ashes, 
Professor  Bailey  was  able  first  to  dis- 
cover vegetable  structure  in  anthracite 
coaL*  The  simplest  and  commonest 
markings  are  those  which  appear  as 
pores  or  holes,  but  are  really 

45.  Dolt  or  Pitt,  such  as  those  on  the 
cells  of  the  pith  of  Elder  (Fig.  38),  and 


*  See  SillinuD'l  American  JdhtiibI  of  Science  nnd  Arts,  Kcw  Scries,  Vol.  I. 
na.  n.  iikbia*i  « 
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Upon  what  arc  called  dotted  ducts;  as  in  F!g.  32,  b,  and  Fig.  56,  57. 
All  marking.^  of  tliis  kind  are  thin  spots,  which,  for  Eome  r«a5(m, 
have  not  partaken  in  the  general  thickening  of  the  walh  Although 
they  arc  not  primarily  pores  or  real  perforations,  yet  they  often  be- 
come eo  with  age,  by  the  destruction  of  the  tliin  primary  membrane, 
after  the  cell  has  lost  ita  vitality.  Fig.  32  shows  these  dots  on  the 
wood-eells  and  the  ducts  of  the  Plane-tree.  And  Fig.  33,  represent- 
ing some  of  the  wood-cells  more  higlily  magnified,  explains  their 
real  nature,  namely,  as  deep  pita  in  the  thick  walL  It  will  be  seen 
that  the  pits  of  contiguous  cells  e^Eoctly  correspond ;  showing  that 
there  is  nothing  accidental  in  the  origin  or  the  arrangement  of  these 
markings.  They  are  manifestly  designed  for  maintaining  commuai- 
cation  between  contiguous  cells,  and  for  the  ready  conveyance  of  the 
aap  from  cell  to  cell,  notwithstanding  the  thickening  of  their  walk. 
Of  eimilar  nature,  although  of  greater  size,  are  the  »xalled 


46.  Oiui  or  Cirtnlar  MarkingE  of  Coniftraiu  Wood  (Fig.  34-37). 

These  are  of  universal  occurence  in  the  wood  of  Pines,  Fiw,  and  all 
tliat  family  of  Coniferous  trees ;  and  something  very  like  them,  if 
not  tlie  same,  occurs  in  the  Winter's-Bark  tree  (as  long  ago  shown 
by  Mr.  Brown),  the  Star- Anise,  and  even  iu  the  Magnolia,  and  other 
aromatic  trees.  They  may  readily  be  seen  in  a  thin  Pine  shaving, 
taken  parallel  with  the  silver'^ain:  for  in  the  Pine  family  they  are 
nearly  all  found  on  the  lateral  walls  of  the  cells,  few  or  none  being 
™ible  on  the  sides  which  look  towards  the  bark  or  towards  the 
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thp  Etnallcr  dols,  of  iho  ordinary  kJntl,  as  on  tho  wood- 
ceUit  «>f  llif  Plane-trte  (Fig.  32).  are  most  nbutidjiiil  on  thi?  sides  ibitl 
look  Imrunl-i  lliu  centre  and  ihe  oircumferpnce  of  the  trunk.  The 
naiaiT  of  ihote  disc-like  markings  ie  plainly  revealed  in  the  accom- 
imaying  aiieroscopicnl  dissections  of  Wliile-Pine  wood  (Fig.  3C,  37). 
Tb«7  arc  thin  places,  wliich  have  not  received  the  thickening  deposit 
lliM  hoi  lined  all  the  nsl  of  the  calibre,  or  have  received  it  in  it 
IcMVr  degree.  Those  of  conlipuoua  wood-cells  alwnys  exactly  coi^ 
mpoott.  jnti  a^  do  the  tnuiller  dots  or  pild  of  ordiniuy  wood;  and 
the  two  fcll-membnuie?  separate  Irom  each  oilier,  each  being  some- 
wbu  carved  inward,  thus  len\-ing  a  tenticuliu*  space  between  them, 
Eke  thai  bctwecii  ino  walch-glasses  put  together  by  iheir  edgci, 

47.  Bandf,  Hup,  or  Spirnl  Hukinss.  These  are  mostly  di-liniie 
ponions  of  the  wall  more  thickened  tlian  Ihc  pest;  as  is  shown  by 
the  spiral  vessel,  where  the  ECcondary  formation  is  restricted  to  a 
AdicMte  thread,  capable  of  being  unwound  (<iO),  and  particularly 
by  lh«  remarkably  thick  plate  which  wmd^  around  in  llie  cells  of 
ctrtaiu  Cacll.  like  a  spiral  staircase  (Fig.  42,  43),  TIib  aceorapaiiy- 
h^  fignrea  illnstrato  various  forms  of  banded,  reticulated,  or  sjtiral 


4&  When  the  primitive  walls  of  such  banded  cells  remain  very 
lua  «id  delicate,  they  are  apt  to  become  obliterated  at  maturity. 
InriDg  tbe   firmer  fibrous  markings  as   separate  llireads.     This 
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occurs  in  the  tissue  that  lines  the  walls  of  the  anther ;  and  in  this 
way  the  spirally  marked  tubes  (called  EkUers)  which  occur  in  the 
spore-cases  of  the  Hepatic  Mosses  or  Liverworts  are  converted  into 
elastic  spiral  threads.    Of  a  similar  nature  are  the 

49.  GelatinODS  CoilS)  or  soft  spiral  threads,  such  as  occur  in  the 
hairs  or  projecting  ceUs  which  invest  the  coats  of  many  seeds  or 
seed-like  fruits,  and  which  when  moistened  often  uncoil  and  are 
projected  from  the  bursting  cell  in  a  striking  manner.  When  water 
is  applied,  this  is  absorbed  by  endosmosis  (40),  the  gelatinous  threads 
swell,  burst  the  cell-membrane,  and  gush  out  in  the  form  of  una^- 
ing  mucilaginous  fibres  or  bands.  Good  examples  of  the  kind  are 
furnished  by  the  seeds  of  O)llomia  and  Gilia,  and  by  hairs  or  papilke 
on  the  seed-like  fruits  of  numerous  species  of  Senecio  and  the  allied 
genera.  Those  of  Crocidium  project  a  thick,  mucilaginous,  twisted 
band,  in  place  of  a  thread.  They  may  subserve  a  useful  purpose  in 
fixing  light  seeds  to  the  ground  where  they  lodge,  by  means  of  the 
moisture  of  the  first  shower  they  receive. 


Sect.  IIL    Of  the  Kinds  or  Transformations  of  Cellular 
Tissue;    viz.  Woody  Tissue,  Ducts,  etc. 

50.  The  statements  of  the  preceding  section  apply  in  general  to 
the  cells  of  which  all  plants  are  composed,  irrespective  of  the  mani- 
fold forms  they  may  assume,  and  of  some  peculiar  transformations 
they  may  undergo.  Some  of  these  should  now  be  specified;  as 
they  give  rise  to  kinds  of  tissue  so  unlike  the  ordinary  cellular,  in 
outward  appearance  at  least,  that  they  have  always  been  distin- 
guished by  special  names.  We  allude  particularly  to  Woody  Tissue 
or  Woody  Fibre,  and  Vasctdar  Tissue  or  Vessels^  of  various  forms. 
These,  although  formerly  regarded  as  of  independent  origin,  are 
now  known  to  be  mere  modifications  of  one  common  type,  the  cell, 
and  are  produced  in  the  same  mode  as  ordinary  cells.  So  all  the 
statements  of  the  foregoing  section,  in  respect  to  the  formation,  mul- 
tiplication, and  growth  of  cells,  are  equally  applicable  to  these  also. 
Some  kinds  differ  from  ordinary  cells  in  shape  alone ;  others  result 
from  their  combination  or  confluence.  This  is  shown  in  two  ways : 
first,  by  noting  the  intermediate  gradations  which  may  be  found  be- 
tween every  particular  sort;  and  secondly,  by  watching  their  de- 
velopment and  tracing  them  directly  from  their  earliest  condition,  as 
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y  cen»,  to  the  peculiar  forms  they  soon  rj^uhio.  In  ennrapr- 
atinf;  Ibi;  kinds  of  vegetable  tissue,  we  comioejiuc  ivilli  ccUulnr  tiasue 
sirirll  V  so  called,  or 

"51.  PBRDChjlIIIL  This  ia  the  distinctive  name  for  ordinnry  mem- 
ticaaoas  rrllulor  ti^ue  in  general,  »uch  as  that  wliicU  forms  tlio  pitli 
of  stems  and  their  outer  bark.  In  the  moat  reslriL-led  npplieacion,  it 
beloi^  lo  eaA  tissue  when  composed  of  angular  or  jiolyhedral  cells 
(u  in  Fig.  1-3,  9,  &c);  the  name  o(  Merenckyma  having  been 
|iropa<«d  for  the  looser  tbsues  (aa  in  Fig,  7,  and  in  tlie  pulp  of 
Icsres  and  fruits  generally),  formed  of  rounded  or  t^llipsoidal  cells, 
thai  is  where  they  do  not  mutunJly  impreas  each  other  into  plane 
faces.  But  this  distinction  vanishe.i  in  the  numberless  intermediate 
Mates;  and  the  name  of  ParencAyrao  is  applied  to  both.  That  in 
which  the  walls  touch  each  other,  more  or  IcBf,  and  leave  interven- 
ing epac«s  where  the  ends  or  sides  are  rounded  off,  is  termed  by 
ScUciden  iHeompUte  partiuhyma  ;  and  that  in  which  the  cells  are  in 
perf*e<l  contact  on  every  side,  eomplete  parenchy- 
ma. The  latter  is  regular,  when  the  cells  are 
&]decalicdrsl  or  cubical ;  elongated  or  prismatic, 
when  en  tended  longitudinally ;  and  tabular,  when 
eobical  ceUs  are  much  flattened ;  one  kind  of 
which,  called  tlto  muriform,  because  the  laterally 
compressed  cells  appear  in  the  magnified  section 
ISke  courses  of  bricks  in  a  wall,  is  seen  in  the 
dret<.grain  of  wood  (Fig.  192).  i 

52,  Fn)irachytll&  i-'  the  general  name  for  tissues 
formed  of  elongated  cells,  especially  those  with 
potBted  or  oblique  extremities.  Every  gradation 
■Bjr  be  traced  between  this  and  parenchyma.  As 
to  Imgth,  such  cells  vary  from  futijhrm,  or  spindlc- 
Aaped,  only  three  or  four  times  longer  than  broad, 
lo  hthtdar,  and  to  tubes  so  long  and  narrow  that 
they  arc  commonly  called  fibres.  The  most  char- 
Oderiitic  form  of  proscnchyma  is 

53.  Woodf  TiuU.  {PUur^chyma  of  Meyer  and 
lindley.  Woody  Fibre  of  the  older  authora,) 
Wood,  whicii  makes  up  so  large  a  part  of  trees 
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and  shrubs,  and  some  part  of  almost  all  ordinary  herbaceous  plants, 
is  wanting  in  Mosses  and  plants  of  still  lower  grades,  such  as 
Lichens,  Sea-weeds,  and  Fungi.  That  is,  in  the  latter  there  is  no 
formation  corresponding  to  the  wood  of  higher  plants,  although 
many  of  them  exhibit,  at  least  in  certain  parts,  cells  more  or  less 
elongated,  or  even  drawn  out  into  tubes  or  hollow  fibres  of  greater 
length  and  tenuity  than  are  those  of  ordinary  wood;  such,  for 
instance,  as  the  interlaced  fibrous  tissue  of  Lichens  (Fig.  25). 
Nor,  on  the  other  hand,  does  the  proper  wood  of  trees  (except  in 
the  Pine  family)  consist  entirely  of  what  is  named  woody  tissue, 
but  has  some  other  sorts  variously  intermingled  with  it  Indeed, 
there  are  some  trees  whose  wood  is  almost  entirely  composed 
of  true  parenchyma,  or  of  large  dotted  cells ;  while  in  stone-fruits, 
and  many  like  cases,  common  parenchymatous  cells  acquire  by  in- 
ternal deposit  (41)  a  ligneous  consistence,  and  even  greater  hardness 
than  ordinary  wood  (39).  Nevertheless,  the  principal  and  charac- 
teristic component  of  wood  in  general  is  thick-walled  prosenchyma. 
So  that  this  takes  the  name  of  woody  tissue  even  in  the  bark  and 
leaves,  as  well  as  in  the  trunk.  Fig.  32  represents  some  of  the 
various  elements  of  the  wood  of  the  Plane-tree.  And  Fig.  46  ex- 
hibits three  or  four  wood-cells  from  the  same  tree,  more  highly 
magnified;  the  two  right-hand  ones  cut  through  lengthwise,  and 
one  of  these,  at  the  upper  end,  with  a  piece  of  another,  also  cut 
across,  to  show  the  thickness  of  the  walls. 

54.  This  and  the  following  figures  likewise  show  how  the  wood- 
cells  are  as  it  were  spliced  together,  overlapping  one  another  by 
their  tapering  ends.  Forming  wood  consists  of  oblong  or  prismatic 
cells,  with  their  ends  nearly  square  or  merely  oblique:  as  these 
young  cells  lengthen,  the  ends  become  more  oblique,  and  push  by 
each  other,  or  become  wedged  together.  The  wood-cells  repre- 
sented in  Fig.  40  are  about  ^xjhxi  ^^  ^^  i^cli  in  diameter.  Those  of 
our  Linden  or  Bass-wood  (a  few  of  which  are  shown  in  Fig.  50,  51). 
are  rather  larger,  but  not  more  than  x^tj-  of  an  inch  in  diameter.* 
Their  size  varies  in  different  plants  almost  as  much  as  ordinary  cells 
do,  but  they  are  usually  much  smaller  than  parenchyma,  especially 
in  herbaceous  plants.  Perhaps  the  largest  are  found  in  the  Pine 
family,  where  they  are  of  a  peculiaf  sort,  and  are  often  as  much 

♦  Lindlcy  states  that  the  woody  tubes  of  the  Linden  are  as  much  as  -j^  of 
an  inch  in  diameter ;  but  I  find  none  of  anything  like  this  size. 
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w  7^  Of  siv  of  an  inch  in  diameter.  The  density  or  cloaeness  of 
grun  in  vood,  however,  doea  not  depend  so  much  on  the  fineness 
of  the  wood-cells  as  upon  the  thickness  of  their  walls.  This  ia 
much  greater  in  proportion  to  their  diameter  than  in  ordinary 
parenchyma,  and,  with  their  slendemess,  and  their  very  compact 
amngemeat  into  threads  or  masses  which  run  lengthwise  through 
the  stem,  conspires  to  give  the  toughness  and  strength  which  charac- 
leriKe  those  parts  in  which  this  tissue  abounds.  In  old  wood  of  the 
harder  kinds,  the  walb  of  the  cells  become  so  thick  as  almost  to 
obUlerate  the  cahbre  (Fig.  198).  The  thickening  is  generally  uni- 
form, giving  rise  to  no  markings  except  the  pits,  or  small  thin  spots, 
already  described  (45),  which  appear  like  pores.  These  are  of  very 
general  occurrence,  and  are  readily  seen  in  the  wood  of  the  Flane- 
tree  (Fig.  32,  a,  46).  Markings  of  this  kind  are  most  conspicuous 
in  the  DiK-ieaiing  Woody  Titme  {Glandular  Woody  Tiaue  of 
lindley)  of  the  Pine  Family,  the  nature  of  which  has  just  been 
explained  (46).  On  account  of  their  markings  and  their  unusual 
nse,  and  because  in  the  Fine  family  they  make  up  the  wood  without 
any  admixture  of  ducts,  these  pecu- 
liar wood-cells  have  been  thought  to 
be  nitber  a  form  of  vascular  tissue. 
Bat  in  the  Star-Anise  much  the 
same  kind  of  marking  is  found  on 
ondoabtedly  genuine  woody  tissue 
(Jig.  47).  In  the  Yew,  on  the 
other  hand,  where  the  discs  are 
few,  deUcate  spiral  markings  appear 
(Fig,  48),  shovk-ing  a  transition  be- 
tween the  proper  woody  and  the 
vascular  tissues ;  as  is  seen  by  com- 
paring the  figure  with  that  of  a 
spirally  marked  duct  of  Bass-wood,  " 

Fig.  50,  a.     Here  the  thickening  deposit  is  in  two  s 
fssijnilar  layers ;  the  first,  with  circular  vacuities,  forming  the  discs, 
while  the  second  or  innermost  beat^  Ihc  spiral  markings. 

Tia.  IT.  Hafidfird  mwdy  Uime  et  nilciam  FloridinDm  {longltadlul  Tiew),  muiii  with 
hrgt  doW,  like  Uk  iUki  od  Uu  oml-cellg  of  Um  «»  bwilj. 

no.  18.  HignUed  WDOdjr  tlHot  fmn  Iha  Amnlciui  Yew  (longltadliial  Tlew),  nme  ulli 
Ibiwins  diUisIt  rpliml  Una  odIj  i  •oma  showing  (tu  diK-Uk«  nuvklDgi  or  dou  or  cKUotrj 
CnUam ;  ud  othen  wllh  both  Undl  of  muUnfi.    Acm  tha  bug  l>  Ku  •  ponlon  oT  k 
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55.  Bait  TiuiUi  or  Fixxfy  TVmim  of  the  Liber.     The  hatl  or  ftou, 
fibroua  timer  baric,  or  liber,  as  it  is  variousljr  termed,  of  those  plants 
u         H  M  that  hare  a  true  bark  separable   from 

the  wood  of  the  stem,  usaally  consists  of 
or  cont^ns  much  longer,  very  thick-eided, 
and  tougher,  but  more  soft  and  flexible 
cells,  than  those  of  the  wood  itself.  These 
properties  are  "  probably  given  them  that 
they  may  possess  the  strength,  comUned 
with  flexibility,  which  their  position  near 
the  circuniference  of  a  branch  renders 
necessary."  These  especially  adapt  them 
to  the  useful  purposes  they  so  largely 
subserve  for  clothing  and  cordage.  The 
textile  fibres  of  flax,  hemp^  &x.  are  all  do- 
rived  from  this  woody  tissue  of  the  bark, 
separated  from  the  brittle  cells  of  the 
woqd  itself,  and  freed  from  the  surround- 
ing  thin-aided  parenchyma  by  macer^ 
tion  (which  soon  decomposes  the  latter) 
and  by  mechanical  means.*  The  lengtli 
of  bast-cella  as  compared  with  wood-eeUs 
b  exemplified  in  the  accompanying  figures 
of  the  two,  from  our  Basswood  (Fig.  19 
-51).  The  difference  in  the  thickness 
of  the  walls  in  this  case  is  also  great ;  the  cells  of  the  soft  wood  hav- 
ing rather  thin  walls  even  when  old  (Fig.  52),  wlule  those  of  the 


•  CoUm  diifers  from  linen  in  many  reapcctt,  and  is  of  a  very  different  origin. 
It  coniUts  of  hairs,  or  long  tubnlar  cells,  growing  on  tha  seeds  of  the  plaat. 
These  bttvo  tctj  thin  mUls,  which  coUapso  so  that  the  tube  flalKiu,  and  then 
twists  Bpirall}-,  which  gives  them  a  pcculinr  adaptation  to  be  spnn,  or  drawn  oat 
together  by  torsion  inlo  a  thread,  contiguous  fibres  (bus  nioderalely  clinging  to 
each  dthcr  as  chcy  are  drawn  out  But  thej  hare  not  such  thick  and  lough 
walls  as  Uber-cells ;  so  u  cotton  fabric  is  not  so  bcary  nor  so  durable  as  linen. 

no.  49.  One  laaMall,  tnA  put  of  anotlwr,  tram  \Sa  buk  of  Amirlcwi  Buiiroad.  EO. 
ROBW  woodf  UmH  fnnn  Uw  wood  of  Uh  anM,  vlUi,  c,ap|)rr  «iil  ofaaplnll^-ipuked  duct 
61.  A  HpuaM  «U  trem  Uw  wood.    All  nucnlStd  to  the  mat  dtgnsa. 

no.  IB.  Tnomna  iHtioi)  oT  hum  woad-^alt)  of  Uh  Buiwood,  bighl;  magnlOed.  61 
BimUu'  Hcdon  of  Hma  buC^aiUi  fram  tha  buk  of  tbe  (uu  tm,  cqsillr  nucnlBnL 

FIQ.  64, 6S.    Ends  of  tast-oslls  tttta  On  biA.  of  tb*  L<UlMT.wDod  (Dlia  ptlnstrii},  mif. 
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fuist  (Fig.  58)  are  so  extremely  thick-walled  as  almost  to  obliterate 
the  cavity.  The  disproportion  in  length  is  still  greater  in  our 
Leather-wood,  which  has  a  bark  of  extraordinary  toughness,  used 
for  thongs,  while  the  wood  is  very  brittle  and  tender.  Its  capillary 
bast-cells  measure  from  an  eighth  to  a  sixth  of  an  inch  in  length, 
with  an  average  diameter  of  jniVir  ^^  ^^  i^ch  (so  that,  if  the  whole 
length  of  a  cell,  magnified  as  in  Fig.  54,  55,  were  given,  the  figure 
would  be  from  a  foot  to  a  foot  and  a  half  in  length)  ;  while  those  of 
the  wood  itself  are  only  the  hundredth  of  an  inch  long.  Among  the 
bast-ceUs  are  found  the  longest  cells  which  occur  in  any  tissue.  Still 
the  individual  cells  are  by  no  means  absolutely  so  long  as  they  are 
supposed,  and  have  sometimes  been  stated,  to  be.  Few  are  of  such 
length  as  those  of  the  Leather-wood,  above  mentioned.  According 
to  Mohl  (Bat,  Zett  1855,  p.  876)  there  are  few  plants  in  which 
they  exceed  the  twelfth  of  an  inch ;  but  he  has  found  them  an  inch 
long  in  Flax  and  in  our  common  Milkweed  (Asclepias  Comuti),  and 
somewhat  longer  in  the  Nettle. 

56.  Woody  tissue  runs  lengthwise  through  the  stem,  root,  or  other 
orgaok ;  hence  it  is  sometimes  designated  as  Longitudinal  Tissue^  the 

Vertical  or  Longittidinal  System  of  the  steip,  &c  It  shares  this 
name,  however,  yrith  some  other  forms  of  tissue  which  accompany 
it,  particularly  in  the  wood.  The  cells  which  compose  it  agree 
in  exhibiting  markings  of  some  kind  on  their  walls,  and  in  being 
larger  than  those  of  woody  tissue :  they  are  all  more  or  less  tubular, 
or  conspire  to  form  tubes  of  considerable  length,  and  hence  they  have 
an  been  combined,  in  a  general  way,  under  the  name  of 

57.  Tasealar  Tissne  or  Tessels.  Not  to  be  misled  by  the  name,  it 
should  be  remembered  that  these  so-called  vessels  are  mere  modifica- 
tions of  cellular  tissue,  and  are  whoUy  unlike  the  veins  and  arteries 
of  animals.  It  is  much  better  to  call  them  dttcts,  a  name  appropriate 
to  their  nature  and  office,  and  leading  to  no  false  inferences.  Their 
true  nature  is  most  readily  shown  in  the  largest  and  most  conspicu- 
ous kind,  one  which  often  exhibits  unequivocal  indications  of  its 
cellular  origin,  viz. 

58.  Dotted  Doetl,  called  also  Pitted  or  Vasifarm  TYssue,  Bothren- 
chyma,  &c.  (Fig.  56,  57).  They  have  likewise  been  termed  Parous 
Cells  or  Porous  Vessels ;  but  the  nmnerous  dots  that  cliaracterize 
them  are  places  which  have  not  been  thickened  in  the  manner 
already  explained  (41,  44),  and  not  perforations,  except  in  old  cells, 
where  the  primary  membrane  may  be  obliterated.     Sometimes  they 
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are  continuous  tubea  of  considerable  length  (Fig.  57)  ;  but  occaskn- 
ally  they  exhibit  cross-lines  at  certain  intenole,  plainly  showing  that 
they  are  made  up  of  a  row  of  cells  placed  end  (o 
end,  and  becoming  a  tube  by  the  obliteration  of  the 
intervening  partitions  (Fig.  5G).  In  Fig.  32  some 
dotted  ducts  (one  of  them  exhibiting  oblique  parti- 
tions or  ends)  are  shown  in  ])!ace  among  the  woody 
tissue.  It  is  in  the  wood  that  they  conuDonly 
abound.  Being  of  greater  calibre  than  any  other 
cells  or  vesscb  found  there,  they  form  the  pores  so 
conspicuous  to  tlie  naked  eye  on  the  cross-section 
of  many  kinds  of  wood,  such  as  of  Oak,  Chcstnu^ 
**  "  and  !Maliognny,  as  well  as  the  hues  or  channels 
seen  on  the  longitudinal  section.  Their  size,  compared  with  that  of 
the  wood-cclb  in  the  wood  of  the  Pltme-tree,  is  shown  both  in  longi- 
tudinal and  transverse  section,  in  Fig.  31,  32. 

59.  Ecalarlfonn  Battl  (Fig.  56,  50),  differ  from  dotted  ducta  only 
in  the  form  of  the  markings,  the  thin  spots  being  transversely  elon- 
gated instead  of  circular,  and  appearing  like 
cross-bars,  which  haye  been  likened  to  the 
roun<ls  of  a  ladder,  whence  the  name.  This 
is  the  more  striking  when  the  ducts  are  pris- 
matic (by  mutual  press^ure)  and  the  cross-bars 
occupy  n<!arly  the  whole  length  of  each  side,  as 
in  Fig.  ii8.  Ducta  of  this  sort  abound  in  the 
stems  or  stalks  of  Ferns.  The  markmgs  are 
oflen  spiral  in  their  arrangement ;  as  is  shown 
in  Fig.  59,  by  the  way  the  duct  tears  into  a 
band.  Ducts  of  this  and  of  the  foregoing  (^ort, 
where  the  markings  arc  thin  places,  liavc  been 
named  by  Morron  and  Lindley  Bothrenchyma, 
meaning  pitted  tissue.  "  " 

(<0.  KetitnlBted,  AnuDlar,  and  Spiral  Dnets  (Fig.  60-65),  on  the 
other  hand  (called  IVachete,  from  their  resemblance  to  the  windpipe, 
or  rather  to  the  tracheae  or  air-tubes  of  insects),  have  been  distin- 
guished by  Morren  and  Lindley  under  the  general  name  of  Trachtn- 
ekyma.     In  these  the  murkingA,  at  least  ill  most  cases,  are  thicker 

ic,  eTld«ntl  J  nude  QpofaRrlHoffihort  cvOfl. 
Lg  no  ippcftTuc*  of  sucb  compoimoa. 
I  priHnitla  bf  matcua  pnoun. 
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t  number  of  »uch  threads 

(Fig.  G4),  tluw  forming  llie         "  <a  "  «"  «i 

Spirid  duel  or  Spiral  vetMil.     Tlie  coiled  thread  has  been  generally 

lliouglit  to  be  solid.     But  Tn'-cul,  in  a  memoir  already  referred  to 

[43.  uole),  insietd  tlmt  it  ia  hollow,  and  it  really  appears  to  be  bo  in 

dw  thick  threads  or  hands  of  eerlain  cells  in  the  wood  of  several 
.  »  I  d  .  sorts  of  Caeliis,  such  us  arc  shown  in  Fig.  40-43, 
whicli  arc  well  adapted  for  the  invest  igation  of 
this  i>oint.  In  the  true  ^iral  Veutl  the  fibre  is 
so  strong  and  lough,  in  comparison  with  the  deli- 
cate membrane  on  which  it  is  dei>osited,  tliat  it 
may  bo  lorn  out  and  uncoiled  when  the  vessel  is 
pulled  asunder,  the  cell-wall  being  destroyed  in 
the  operation.  This  js  seen  by  breaking  almost 
any  young  shoot  or  leafstalk,  or  the  leaf  of  an 
Atnarylliti,  imd  gently  separating  the  broken  ends ; 
when  the  uncoiled  threads  appear  to  the  naked 


no.  Wl    a  poHlaa  of  »  duct  Fr 
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eye  like  a  fine  cobewb.  In  stems  furnished  with  pith,  the  spiral 
vessels  usually  occupy  a  circle  immediately  around  it.  They  occur 
also  in  the  veins  of  the  leaves,  and  in  all  parts  which  are  modifi- 
cations of  leaves.  More  commonly  the  coil  is  formed  of  a  single 
fibre,  as  in  Fig.  62,  G3 :  it  rarely  consists  of  two  fibres ;  but  not 
uncommonly  of  a  considerable  number,  forming  a  band,  as  in  Fig. 
64.  Spiral  vessels  of  the  latter  kind  are  to  be  found  in  an  Aspara- 
gus shoot,  and  are  finely  seen  in  the  stems  of  the  Banana.  From 
the  Musa  textilis  of  Manilla,  of  the  same  genus  as  the  Banana, 
these  cobwebby  fibres  are  said  to  be  extracted  in  large  quantities, 
and  used  in  the  production  of  the  most  delicate  of  textile  fabrics. 

61.  True  spiral  vessels,  capable  of  uncoiling,  occur  in  all  plants 
of  the  higher  grades,  but  only  in  particular  parts.  Beticulated  and 
annular  ducts  abound  in  most  herbaceous  stems ;  and  every  transi- 
tion may  be  detected  between  the  various  kinds.  Fig.  65  shows  a 
number  of  variations,  such  as  may  be  seen  at  one  view  in  the  stem 
of  a  Polygonum.  Some  have  the  fibre  closely  coiled ;  in  others  the 
turns  are  distant.  Some  are  simple  tubes,  and  apparently  formed  of 
a  single  elongated  cell :  others  show  cross  partitions,  or  vestiges  of 
them,  and  so  are  made  up  of  a  row  of  cells ;  and  if  these  be  com- 
pared with  Fig.  39  -  43,  &c.,  it  will  plainly  appear  that  ducts  of  all 
sorts  are  only  a  modification  of  ordinary  cells.  Even  the  longest 
are  of  no  great  length;  very  rarely  are  they  above  half  an  inch 
long ;  and  they  terminate  by  closed  ends,  like  all  other  cells ;  the 
termination  being  either  abrupt  or  more  commonly  conical  or  ob- 
tusely pointed.  In  young  parts  the  ducts,  like  other  cells,  contain 
liquid,  the  ordinary  juices  of  the  plant:  in  older  stems  they  are 
filled  with  air,  except  when  the  whole  tissue  is  gorged  with  sap, 
which  then  finds  its  way  into  these  also. 

62.  Interlaced  Fibrilliform  Tissue.    This  is  quite  as  distinct  from 

ordinary  cellular  tissue,  and  as  worthy  of  a  special  name,  as  any  of 
the  kinds  already  described.  It  is  the  morp  worthy  of  notice, 
from  its  near  resemblance  to  some  forms  of  animal  tissue.  It 
consists  of  very  long,  much  attenuated,  simple  or  branching,  fibre- 
like cells,  or  strings  of  cells,  inextricably  entangled  or  interwoven 
without  order,  so  as  to  make  up  a  loose,  fibrous  tissue.  It  is  prin- 
cipally met  with  in  Fungi,  Moulds,  &c.,  where  the  cells  are  ex- 
tremely soft  and  destructible ;  and  in  Lichens  (Fig.  25),  where  it  is 
dry  and  much  firmer.  A  remaining  and  a  very  ambiguous  element 
of  vegetable  fabric  is 
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63.  LatlcfftrHU  Tbsoe.  ( Vetselt  of  tie  latex  or  Milky  Juiee. 
Oinenehgma  of  Moiren  and  Lindley.)  This  consbts  of  long  and 
irregular  branching  tubes  or  passages,  lying  in  no  definite  position 
with  respect  to  other  tissue,  and  when  young  of  such  extreme  tenu* 
ity  (their  average  diameter  being  less  than  the  fourteen-btindiedth 
of  an  inch)  and  of  such  trans- 
parency that  they  are  hardly 
visible,  even  under  powerful  mi- 
CToeeopes,  except  by  particular 
manipulation.  But  their  older 
trunks  are  larger  and  more  evi- 
dent, Then  gorged  with  the  milky 
or  other  special  juices  which  it  is 
their  office  lo  contain,  and  when 
their  sides  are  thickened  by 
the  deposition  of  such  matters. 
Another  peculiarity  is,  that  they  anailomoit  or  inosculate,  forming 
a  sort  of  network  by  the  union  of  tlieir  branches,  so  that  they  freely 
Gommnnicale  with  each  other.  In  this  re.«pcct,  as  well  probably  as 
in  the  imode  of  their  fonnation,  they  resemble  the  veins  of  animals. 
But  their  branches  do  not  proceed  from  larger  trunks,  and  in  turn 
dinde  into  smaller  branchleta.  Tboy  merely  fork  and  inosculate 
here  and  there,  the  branches  being  commonly  as  large  as  the  trunk 
before  division.  The  articulations  which  they  oflen  present  (as  in 
the  upper  part  of  Fig.  G7)  would  seem  to  prove  that  they  are  formed 
by  the  confluence  of  cylindrical  cells.  It  is  altt^lher  most  probable, 
however,  that  they  arc  not  composed  of  cells  at  all ;  but  arc,  at  first, 
loere  passages  in  the  intercellular  spaces,  wliich  in  lime  are  bounded 
by  walls  formed  by  deposition  from  the  contained  fluid.  Schultz, 
who  discovered  these  peculiar  vessels  and  gave  to  them  their  present 
name,  describes  a  regular  circulation  of  the  juice  they  contain ; 
wliich  would  make  tbcra  still  more  analogous  to  the  vessels  or  veins 
of  anioials.  But  this  has  been  shown  to  have  no  real  existence. 
There  is  merely  .a  mechanical  flow  from  any  part  under  pressure,  or 
towards  a  place  Irom  which  the  latex  is  escaping,  as  from  'a  wound. 
I^icifvrous  vessels  occur  in  the  bark,  especially  in  tlie  liber,  in  the 
leafstalkr),  and  in  the  leaves,  especially  of  those  planla  which  have 
a  milky  juice. 

nthe  LuidiUoni  uiieT, 
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64.  All  the  different  kinds  of  tissue  that  enter  into  the  composi- 
tion of  the  pla^t  have  now  been  described,  and  all  (excepting  the 
doubtful  latex-vessels)  referred  to  the  cell  as  their  original.  Every 
plant,  or  each  organ,  consists  at  first  of  one  or  more  cells  of  proper 
cellular  tissue.  In  manj  of  the  simpler  vegetables,  the  cells  multi- 
ply in  this  primitive  form  solely ;  and  the  fully  developed  plant  con- 
sists of  parenchyma  alone.  But  in  all  plants  of  the  higher  grades, 
some  of  them  early  assume  the  forms  of  wood-cells  and  of  ducts. 
These  modified  cells  always  lie  vertically  in,  or  conspire  to  form, 
bundles  or  cords  that  run  lengthwise  through,  the  stem  or  other 
organ  they  occur  in.  They  are  associated  with  each  other,  and 
together  make  up  the  woody  parts,  as  in  the  wood  proper,  in  the 
liber  or  inner  bark,  and  in  the  fibrous  framework  of  the  leaves. 
Although  the  various  kinds  exhibit  transitions  through  every  man- 
ner of  intermediate  forms,  the  whole,  taken  together,  compose  tissues 
which  are  almost  always  manifestly  different  from  the  parenchyma 
in  which  they  are  imbedded.  It  is  convenient,  therefore,  to  give 
them  a  general  name,  and  to  denominate  them,  from  their  position, 
the  Vertical  or  Longitudinal  System^  or,  from  their  nature,  the 
PihrO'Vascvlar  or  Woody  System ;  in  contradistinction  to  the  J5&n- 
zontal  or  common  Cellular  System  of  the  plant,  consisting  of  paren- 
chyma alone. 

65.  Intcrcdlnlar  Sptcm.  Tlie  only  exception  to  the  statement 
that  all  the  vegetable  tissues  are  formed  of  cells,  is  that  of  the 
so-called  vessels  of  the  latex,  which,  according  to  the  view  now  best 
supported,  are  a  secondary  formation,  resulting  from  the  transuda- 
tion of  peculiar  assimilated  matters  into  the  interspaces  between  the 
cells ;  and  are  therefore  rather  to  be  classed  mth  other  receptacles, 
canals,  or  intervals  that  are  found  among  or  between  the  cells. 
Some  of  these  are  accidental,  or  at  least  are  irregular  and  indefi- 
nite: such  are  the  Intercellular  Spaces  or  Passages,  left 
when  the  ceUs  are  not  in  contact  tliroughout  Of  the  same  char- 
acter are  the  larger  and  irregular  spaces  in  the  lower  stratum  of 
the  tissue  of  most  leaves  (Fig.  7  and  Fig.  221),  and  which  form 
irregular  winding  passages  through  which  the  air,  admitted  through 
the  stomates  (70),  freely  circulates. 

66.  iki^PassageS)  however,  are  not  always  so  irregular.  The  stalks, 
and  often  the  foliage  also,  of  aquatic  and  marsh  plants  generally 
abound  with  regular  air-channels,  of  much  greater  diameter  than 
the  cells  of  the  tissue.    These  air-^assages  are  S3rnunetrically  ar- 
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i,  tend  are  as  elaboralely  constructed  as  any  proper  orgnn  can  1 
be.     Tliey  fflre  liuUt  up  of  cells  in  n  manner  which  may  be  compared  | 
to  a  stnck  of  flaes  or  chimneys  bni)t  of  brick :  (hey  nre  constructed  I 
npcin  a  uniform  plan  in  each  species,  ami  are  evidently  essential 
ports;  pbwt«  wliich  grow  in  water  requiring  e.  full  eupply  of  air 
in  their  interior.    Fig.  C8  shows  some  of  these  air-passages  in  the 
A(r«rer«talk  of  Calla  ^Ituopico. 


67.  Ifttpladn  of  Sptcial  SeCBlions.     These  arise  from  the  exuda- 
tioD  of  (he  proper  juices  of  the  cells  into  inlercellulnr  pnsiages,    I 
irludt  an;  dixtemled  by  the  necumuhtlion ;  or  fram  the  obhteration 
of  raotignona  ceDs,  so  as  to  form  carilica  of  considerable  sixe.     Such  1 
tre  the  (urpentiDc-canals  of  the  Pines,  &c.;  the  oil-cclk  of  the 
fruit  of  the  UrobeUifenu,  and  those  in  the  rind  of  the  orange  a 
knum :  the  lalcx-canals  in  Sumach,  &c.     Intcmnl  Gla-ndi,  Huch  as    | 
tlKMC  which  fonn  ihc  translucent  dola  in  the  leaves  of  the  Orange    | 
md  Myrtle,  are  hltli?  clusters  of  cells,  fiUed  with  essential  oil. 

(A.  Epidtrmal  Sytlcni>     In  most  plants,  except  of  the  lowest  grades,   i 
tmi  thiH«  which  grow  under  water,  iho  superficial  hiyer  of  cells  is 
Sfli^rvnl  from  the  rest,  and  forms 

C.>.  The  EpillnnDil,  or  skin  of  the  plant.  Tliis  consists  of  one  or 
norr  layers  of  empty  tluck-walled  cells,  cohering  so  as  to  form  a 
(nt)  and  dose  membrane,  which  may  be  detached  from  the  subjacent 
<Mde.  Il  covers  all  parts  of  the  plant  which  arc  directly  exposed  to 
(be  air,  except  the  stigma.  Its  slruclure  and  office  will  be  described 
ia  ibf  diapler  on  the  Leaves.  The  epidermis  forms  a  complete 
ad  continuous  corering,  except  that  in  certain  parts,  especially  on 
Ike  lower  surface  of  the  leaves,  it  is  perforated  by  a  multitude  of 
',  called 
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70.  Stomates  (Stomata)  or  Breathing-Pom.  These  have  a  peculiar 
structure,  the  opening  being  guarded  usually  by  a  pair  of  thin-walled 
cells,  so  arranged  as  to  close  or  open  according  to  circumstances. 
They  will  also  be  illustrated  in  the  chapter  on  the  JjestveSy  to  which 
they  more  particularly  belong. 

71.  Hairs  are  external  prolongations  of  cells  of  the  epidermis^  con- 
sisting either  of  single  elongated  cells,  or  of  several  cells  placed  end 
to  end,  or  of  various  combinations  of  -such  cells.  They  are  simple 
or  branched,  single  or  clustered  (stellate,  &c.),  and  exhibit  the 
greatest  variety  of  forms.  In  what  are  called  Glandular  ffairs^  or 
Stalked  Glandsy  the  upper  cell  or  cluster  of  cells  has  a  peculiar 
structure,  and  elaborates  peculiar  (usually  odorous)  products,  such 
as  the  fragrant  volatile  oil*  of  the  Swectbrier. 

72.  GlaDdSi  This  name  is  applied  to  any  secreting  apparatus,  and 
especially  to  superficial  appendages  of  the  epidermis  which  elaborate 
odorous  or  other  products. 

73.  SlingS)  or  Stinging  JIatrs,  such  as  those  of  the  Nettle,  gener- 
ally consist  of  a  rigid  and  pointed  cell,  borne  on  an  expanded  base, 
or  gland,  wliich  secretes  an  irritating  fluid. 

74.  Bristles  (Setai)  are  rigid,  thick-walled  hairs,  usually  of  a  single 
cell.  But  the  name  is  likewise  given  to  any  similar  bodies,  of  what- 
ever nature. 

75.  Prieliles  are  larger  and  indurated,  sharp-pointed  processes  of  the 
epidermis  or  the  bark  (but  not  of  the  wood)  ;  such  as  those  of  the 
Rose  and  Blackberry. 

76.  Scarf,  or  Lepidote,  Scale-like  Hairs,  are  flattened,  star-like 
clusters  of  cells,  united  more  or  less  into  a  sort  of  scale,  which  is 
fixed  by  its  centre  to  the  epidermis.  They  are  well  shown  in  the 
Oleaster,  Shepherdia,  and  most  silvery  leaves  like  theirs.  Our 
species  of  Vesicaria  exhibit  beautiful  gradations  between  these  and 
star-shaped  {stellate)  hairs. 


Sect.  TN,    Of  the  Contents  of  Cells. 

77.  These  comprise  all  the  products  of  plants,  and  also  the 
materials  plants  take  in  from  which  these  products  are  elaborated. 
To  treat  of  them  fully  would  anticipate  the  topics  which  belong  to 
the  chapter  on  Nutrition.  Some  of  the  contents  of  cells,  however, 
have  already  been  mentioned,  in  the  account  of  their  production  and 
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growth  (27  -  40)  :  others  require  a  brief  notice  here,  especially  two 
solid  products  which  are  of  nearly  universal  occurrence  and  of 
great  importance  in  the  vegetable  economy,  namely,  ChlorophyU  and 

78.  The  same  cells  contain  liquids,  solids,  and  air,  at  different 
ages.  Growing  and  vitally  active  cells  are  filled  with  liquid  (at 
least  while  vital  operations  are  carried  on),  namely,  with  water 
charged  more  or  less  with  nutritive  assimilated  matters,  the  pre- 
pared materials  of  growth  (11,  27).  Any  air  they  may  contain  at 
this  period  is,  for  the  most  part,  held  in  solution.  Completed  cells 
may  still  be  filled  with  liquid,  or  with  air,  or  with  solid  matter  only. 
TTie  liquid  contents  of  the  vegetable  tissues,  of  whatever  nature  or 
complexity,  are  generally  spoken  of  under  the  conmion  and  some- 
what vague  name  of 

79.  Sap.  In  employing  this  name  we  must  distinguish,  first, 
Ckude  Sap  ;  the  liquid  which  is  imbibed  by  the  roots  and  carried 
npwards  through  the  stem.  This  is  water,  impregnated  with  certain 
gaseous  matters  derived  from  the  air,  and  with  a  minute  portion  of 
earthy  matter  dissolved  from  the  soil.  It  is  therefore  inorganic  (12). 
But,  as  it  enters  the  roots  and  traverses  the  cells  in  its  ascent,  it 
mingles  with  the  liquid  or  soluble  assimilated  matters  which  these 
coDtxdn,  so  that  unmixed  crude  sap  is  never  met  with  in  the  plant. 
On  reaching  the  leaves,  a  part  of  the  inorganic  materials  of  the 
ascending  sap  are  transformed,  under  the  influence  of  light,  into 
organizable  or  assimilated  matter ;  and  the  liquid,  thus  charged  with 
the  prepared  materials  of  growth,  is  now  Elaborated  Sap.  The 
nutritive  nmtter  of  the  elaborated  sap  is  of  two  general  kinds: 
1.  The  ternary^  which  consists  of  only  the  three  elements,  carbon, 
hydrogen,  and  oxygen;  and  2.  Tlie  quaternary^  which  consists  of 
four  elements,  viz.  of  nitrogen  in  addition  to  those  just  mentioned. 
Sugar  and  dextrine^  or  dissolved  starch,  are  representatives  of  the 
first  class ;  and  these  have  nearly  the  same  chemical  composition  as 
cellulose  or  cell-membrane.  Protoplasm  or  proteine  represents  the 
second  class  (27). 

80.  gngtr  (of  which  there  are  two  distinct  kinds.  Cane  and  Grape 
Sugar)  is  tlie  most  soluble  form  of  ternary  organizable  matter. 
Though  sometimes  crystallized  as  an  excretion  in  the  nectaries  of 
flowers,  yet  in  the  plant  it  exLsts  only  in  solution.  It  abounds  in 
growing  parts,  in  many  stems  just  before  flowering,  as  tliose  of  the 
Sc^ar-cane,  Maize,  Maple,  &c.,  in  pulpy  fruits,  and  in  seeds  when 

5* 
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&ey  germinate;  and  is  the  appropriate  prepared  material  for  tbe 
plant's  noariehment  and  growtL  Dextrine  b  a  Bubetance  inler- 
mediate  in  nature  between  sugar  and  starch. 

81.  Starch  (Farina,  Fecvh)  is  one  of  the  most  important  and 
universal  of  the  contents  of  cells,  in  which  it  is  often  accumulated 
in  great  quantity,  so  as  to  fill  them  corapletely  (Fig.  70)  ;  as  in 
fiirinaceouB  roots, 
seeds,  &c    It  oc- 
curs  in    the    pa- 
renchyma  of  al- 
most ererjr  part 
of  the  plant,  ez- 
"  **  cepting    the    epi- 

dermis :  but  while  chlorophyll  is  nearly  restricted  to  the  superfidal 
parts,  directly  exposed  to  the  light,  starch  is  most  abundant  in  inter- 
nal or  subterranean  parts,  concealed  from  the  light,  as  in  roots  aod 
tubers,  the  pitl^  of  stems,  and  seeds.  Starch  consists  of  transparent 
OTal  or  rounded  grains,  sometimes  becoming  angular  by  mutual 
pressure,  as  in  rice.  The  size  of  the  grains  varies  extremely  in 
different  plants,  and  even  in  the  same  coll ;  as  in  the  potato,  where 
the  larger  groins  measure  from  ^^^  to  -^Jn  of  an  inch  in  their  larger 
diameter,  but  the  smallest  only  ^i^a  "^  ^n  inch.  In  wheat-flour  the 
larger  grains  arc  ^^  to  ^^  of  an  inch  in  diameter.  And  the 
largest  starch-grains  known  are  jju  of  an  inch  long.  Indeed,  from 
their  formation,  we  might  expect  that  their  bulk  would  vary  con- 
siderably. The  mode  of  their  formation  is  indicated  by  the  peculiar 
markings,  by  which  most  starch-grains  may  be  recognized;  namely, 
by  the  dot  or  darker  point  which  is  seen  commonly  near  one  end  <rf 
the  grain,  and  the  fine  concentric  lines  drawn  around  it.  These  are 
best  seen  in  starch  from  the  potato,  one  of  the  most  characteristic 
forms  and  easiest  to  be  examined,  under  a  magnifying  power  of 
from  250  to  500  diameters  (Fig.  Gd).  The  cliemical  compositian 
of  starch  is  exactly  the  same  as  that  of  cellulose  (27) ;  and  the 
grains  are  solid  throughout,  but  their  interior  usually  sofler  or  more 
gelatinous.  The  lines  evidently  show  that  starch-grains  consist  of 
concentric  layers,  of  different  density,  successively  deposited  on  an 
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flriguutl  nncleus.  The  layers  arc  commonly  mueh  iJiicUer  on  one 
bkIo  than  tlir;  other,  so  that  iLc  dot  or  nucleus,  which  all  the  lines 
ninvuiul,  hfeomes  very  eccenlric  Starcli-gnuat  lie  loose  in  the 
ccU  where  they  are  formed,  and  are  usually  separate  and  simple. 
But  occasionally  two  or  more  small  grains  are  combined  hy  new 
layeis  into  one,  and  in  some  plants  ihc-y  are  regularly  united  into  a 
clnsler  or  compound  grain,  as  in  West-India  Arrowroot,  the  corms 
of  Colcbicum  and  Arum,  and  the  roolstocks  of  the  Waler-Lily 
(Nymplum)  and  Wuier-Shield  (Brasenia).  In  the  latter  Ihe  grains 
m  oblotig  or  club-shaped,  and  remarkably  large.  Starch-grains  are 
nearly  nuiform  in  Ihe  same  plant  or  organ,  and  of  very  different 
■f^iennuicc  in  different  plants :  so  that  the  smallest  quantity  of 
ttarch  from  the  polalo,  wheat,  rice,  maize,  arrow-root,  &c.,  may  at 
once  be  diiitinguished  under  iho  microscope.  In  this  way  adullent- 
tioB  of  arrow-root,  &c.  may  be  detected.  The  outer  layera  of 
hrgt  and  welMer eloped  starch-grains  (such  as  those  of  the  potato) 
an  denser  llion  the  inner:  consequently,  each  gnun  is  marked  by  a 
dvk  cross  when  viewed  by  polarized  ligbL  Slarch  is  unafiecled 
Inr  cold  water;  hut  hot  water  is  absorbed  by  it;  the  inner  part  of 
the  grain  softens  first  and  swells,  inflnling  the  denser  euperHeial 
ponicin  into  a  large  sac,  which  may  at  length  burst  or  be  dissolved. 
It  thus  fi-rras  a  jelly  with  boiling  water,  hut  la  not  really  soluble  in 
it.  When  tnily  dissolved,  it  is  no  longer  starch,  but,  by  a  slight 
chanp;  in  its  cliaroeter,  it  is  changed  into  dextrine  (HO).  The 
chemical  lest  of  slarch  is  iodine,  which  turns  it  blue. 

82.  Slardi  is  the  form  in  which  nourislung  matter  is  stored  up  in 
ifao  plant  for  future  use ;  in  which  respect  it  may  bo  likened  to  the 
blof  aoimols.  It  b  the  ready -prepared  material  of  vegc  (able  fubi-ic, 
—ike  ratne  as  cellulose  in  a  particular  and  more  soluble  form, — 
accnraolitUNl  in  the  cells  of  certain  parts  as  a  provision  for  future 
pv/mth.  ^Vhen  about  to  be  used,  the  grains  are  dissolved  in  the 
plant  at  tlie  nnlurtd  temperature ;  that  is,  the  stfU'ch  is  converted  into 
dexirine>.  which  differs  chiefly  in  being  soluble  in  cold  water,  and  this 
dunces  into  sugar,  which  is  still  more  soluble ;  and  thus  a  simp  is 
fivmcd,  whicli  llie  sap  dilutes  and  conveys  to  the  adjacent  ports,  or 
to  whcTPTcr  growth  is  going  on. 

93.  ioif lold  (of  which  Autorin,  Salep,  and Ptcllne  arc  apparently 
■odi&ealion^),  which  in  solulion  is  I'egelalJe  Jrlly,  is  intcnuedinte  in 
tWartrr  between  starch,  dexirine,  and  cellulose,  and  has  nciu-ly  tlie 
pn^otic*  of  starch,  when  this  has  been  altered  by  hot  water.     It 
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abounds  in  the  almond,  bean,  and  some  other  esculent  seeds,  in  the 
tubers  of  Orchises  (as  Salep,  &c.),  and  forms  the  principal  substance 
of  many  sea-weeds,  such  as  the  Carragheen  Moss  (Chondrus  crispus)^ 
from  which  jeUy  is  obtained  for  culinary  purposes.  When  dry,  it  is 
homy  or  cartilaginous,  and  lines  the  cells;  when  moist,  it  swells 
up,  becomes  gelatinous,  and  is  capable  of  being  perfectly  diffused 
through  cold  water.  We  have  it  as  an  excretion  in  Gum  Traga- 
canth.  True  gums,  such  as  Gum  Arabic,  are  states  of  nearly  the 
same  substance,  and  are  likewise  formed  only  as  excretions. 

84.  Fixed  Oils  belong  to  the  class  of  ternary  products,  but  they 
contain  little  oxygen,  and  some  of  them  none  at  alL  The  fatty  oQs 
take  the  place  of  starch  in  the  seeds  of  many  plants  (as  in  fiax-«eed, 
walnuts,  &c.),  and  of  sugar  in  some  fruits,  such  as  the  olive.  They 
also  occur  in  the  herbage  of  most  plants. 

85.  Wax  is  a  product  of  nearly  the  same  nature  as  the  fixed  oils, 
only  it  is  solid  at  the  ordinary  temperature.  It  occurs  as  an  excre- 
tion, particularly  on  the  surface  of  leaves  and  fruits,  forming  the 
bloom  or  glaucous  surface  which  repels  water,  and  so  prevents  such 
surfaces  from  being  wetted.  It  forms  a  tliick  coating  on  some  fruits, 
as  the  bayberry.  Wax  also  exists  in  all  herbage,  being  one  of  the 
components  of  the  green  matter  of  plants  (92). 

86.  Vegetable  Aeids.  Tartaric,  Citric,  and  Malic  Acids  are  the 
principal  kinds ;  they  are  found  in  the  herbage  of  those  plants  which 
have  a  sour  juice,  such  as  Sorrel  and  the  Grape- Vine.  They  are 
ternary  products,  with  a  larger  proportion  of  oxygen  than  starch, 
sugar,  and  the  like.  They  do  not  appear  to  play  any  leading  part 
in  vegetation.  Tliey  seldom  exist  in  a  free  state,  but  are  combined 
with  the  alkaloids,  and  with  tlie  inorganic  or  earthy  alkalies  (Potash, 
Soda,  Lime,  and  Magnesia),  wliich  are  introduced  into  plants  from 
the  soil  with  the  water  imbibed  by  the  roots.  The  more  soluble 
salts  thus  produced  are  found  dissolved  in  the  sap ;  the  more  insolu* 
ble  are  frequently  deposited  in  the  cells,  either  as  an  incrustation  of 
their  walls,  or  in  the  fonn  of  minute  ciystals.  When  these  crystals 
contain  a  vegetable  acid,  it  is  almost  always  Oxalic  Acid.  This  is 
an  almost  miiversal  vegetable  product,  and  is  a  binary  body  (that  is, 
consists  of  two  elements  only,  carbon  and  oxygen),  differing  from 
carbonic  acid  in  uhimate  composition  only  in  having  a  little  more 
oxygen.  Hydrocyanic  or  Prussic  Acid  is  one  of  the  special  pro- 
ducts peculiar  to  certain  plants,  and  of  very  different  composition, 
containing  a  large  portion  of  nitrogen. 
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87.  TaBDin  or  Tannic  Acid,  which  most  abounds  in  older  bark,  is 
probably  a  product  of  the  oxidation  or  commencing  decomposition 
of  the  tissues.  So,  also,  Ifumtis,  Humic  Acid^  Ulminey  Ulmic  Acidj 
and  the  numerous  related  substances  distinguished  hy  the  chemists, 
are  products  of  further  decomposition  of  vegetable  tissue,  rather 
than  true  products  of  vegetation. 

88.  Esiential  Oils,  Turpentine,  Caontchonc,  &c.    These  are  some  of 

the  Proper  Juices  of  plants,  peculiar  to  certain  plants,  and  occurring 
under  a  great  variety  of  forms  in  different  species.  It  is  not  known 
that  they  are  of  any  account  in  vegetable  growth  or  nutrition.  They 
undergo  changes  on  exposure  to  the  air,  and  become  resins,  gums, 
dec.  They  are  apt  to  be  accumulated  in  intercellular  cavities,  or  to 
be  excreted  fix)m  the  surface  of  the  plant.  Not  knowing  of  what 
use  they  are  to  the  vegetable,  we  are  inclined  to  regard  them  as  of 
the  nature  of  excretions.  Caoutchouc  exists  in  the  form  of  minute 
^bules,  diffused  as  an  emulsion  in  the  milky  juice  of  plants,  of 
Tarious  fiaAiilies.  The  original  Lidia-Ruhber  of  the  East  Indies  is 
the  milky  juice  of  a  species  of  Fig.  That  of  South  America,  now 
so  largely  used  for  a  great  variety  of  purposes,  comes  from  certain 
trees  of  the  Euphorbia  family.  It  equally  occurs  in  the  juice  of  our 
Milkweeds  or  Silkweeds.  Gutta-Percha  is  a  similar  product  of  the 
milky  juice  of  a  Sapotaceous  tree  of  Borneo. 

89.  The  quaternary  class  of  products  (viz.  those  w^hich  consist  of 
the  four  elements,  carbon,  hydrogen,  oxygen,  and  nitrogen,  79)  are 
of  two  kinds,  the  special  and  the  general.  The  former  are  peculiar 
to  certain  plants ;  the  latter  are  universal  products  of  vegetation. 
Examples  of  the  special  kind  are  found  in  Hydrocyanic  or  Prussic 
Acid,  already  mentioned  (86),  and  the 

90.  Alkaloids,  such  as  Morphine,  Strychnine,  and  Quinine.  These 
are  principally  formed  in  the  bark  and  the  leaves.  We  do  not  know 
that  they  bear  any  part  in  vegetation,  nor  of  what  use  they  arc  to 
the  plant.  .  In  these  substances  reside  the  most  energetic  properties 
of  the  vegetable,  considered  as  to  its  action  on  the  animal  economy, 
the  most  powerful  medicines,  and  the  most  virulent  poisons.  That 
they  are  of  the  nature  of  excretions  may  be  inferred  from  the  fact, 
that  a  plant  may  be  poboned  by  its  own  products,  introduced  into  its 
ascending  sap.  * 

91.  The  principal  general  quaternary  product  of  plants  is  Pro- 
ttine,  the  nature  and  uses  of  which  have  already  been  explained 
(27,  79).     As  it  exists  in  livmg  cells  in  a  liquid  or  geUitinous 
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state,  it  receives  the  name  of  protoplasm.  Besides  lining  the  walls 
of  living  cells  and  forming  the  nucleus,  it  is  also  a  component  of  one 
of  the  most  important  vegetable  products,  viz. 

92.  Chlorophyll)  or,  as  the  name  denotes,  Leaf-greeny  the  substance 
which  ^ves  the  universal  green  color  to  the  leaves  and  herbage. 
This  is  formed  principallj  in  parts  exposed  to  the  lights  such  as  the 
green  bark,  and  especially  the  leaves.  It  generally  occurs  in  the 
form  of  minute  soft  granules,  either  separate  or  in  clusters,  which 
lie  free  in  the  ceUs  (Fig.  71),  or  adhere  loosely  to  their  sides.  In 
some  conunon  Confervae  the  chlorophyll  takes  the  form  of  rows  of 
granules,  or  of  continuous  bands,  often  spiral  in  form.  The  exact 
composition  of  chlorophyll  is  still  unknown.  The  green  coloring 
matter  makes  only  a  small  part  of  the  bulk  of  the  grains.  It  may 
be  dissolved  out  by  alcohol  or  ether,  leaving  a  colorless  mass,  which, 
as  it  is  turned  yellow  by  iodine,  evidently  contains  nitrogen.  The 
green  matter  is  found  to  consist  partly  of  wax,  and  partly  of  a  pecu- 
liar quaternary  substance  allied  to  indigo. 

93.  Earthy  Inernstations.  As  the  roots  naturally  take  in  some 
earthy  matters,  dissolved  in  the  water  they  absorb  from  the  soil, 
these  necessarily  accumulate  in  the  cells  of  the  plant.  The  siliceous 
and  calcareous  matters,  being  very  sparingly  soluble,  are  usually 
d^jposited  on  the  walls  of  the  cells  as  an  incrusting  lining,  or  else 
are  incorporated  into  its  substance  along  with  the  organic  thickening 
deposit  (41).  This  earthy  part  of  vegetable  fabric  may  be  brought 
to  view  by  carefully  burning  a  piece  of  a  leaf  or  any  other  organ,  — 
which  decomposes  and  drives  off  all  the  vegetable  matter,  —  and  then 
examining  the  ashes  by  the  microscope.  These  are  mineral  matter, 
and  when  undisturbed  they  will  be  found  to  have  copied  the  shape 
and  all  the  minute  markings  of  the  cells,  like  casts.  In  the  Diato- 
maceae,  —  a  family  of  microscopic  and  ambiguous  plants  of  the  sim- 
plest structure,  —  a  great  part  of  the  thickness  of  the  cell-wall  is 
silex,  and  consequently  indestructible  by  decay.  So  that  the  forms 
of  these  minute  organisms  are  preserved  indefinitely,  after  the  de- 
composition of  the  organic  structure ;  their  silicious  remains  accu- 
mulating at  the  bottom  of  the  water  in  which  they  lived,  to  such 
extent  as  to  produce  inuncnse  strata  in  many  places,  their  forms  and 
markings  so  perfectly  preserved  for  ages  that  the  species  may  be 
nearly  as  well  characterized  from  these  casts  as  from  li'vang  indi- 
viduals. Earthy  matters  also  occur  in  the  cells  of  plants  in  the 
form  of  microscopic 
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|l*yrtiU,  or  BaphiilM  (Fig.  71-78).  Tliese  exist  in  more  or 
n'Luicp  in  almost  every  plaut,  espcciaJly  in  ihe  cells  of  the 
VD.1,  as  well  as  in  the  wood  and  pilli  of  herbaceous 
In  nn  old  stnn  of  tbe  Old-man  Caetua  (Cereus  senilis),  the 
A  quaiilily  of  eighty  per  cent  of  the  solid  mailer  left  after 
the  wslFT  was  driven  ofT  was  found  to  consist  of  these  crystals.  In 
As  tbm  inner  layers  of  the  bark  of  tho  Locust,  each  cell  contains  a 
iinglB  ciTstal.  as  is  shown  in  Fig.  75.  Professor  Bailey,  who  has  de- 
TMed  particular  attention  to  this  subject,  computed  that,  in  a  square 
btA  oTa  piece  of  Locust-bark,  no  thicker  than  ordinary  wriliug-paper, 
then  are  more  ihtm  a  million  and  n  half  of  these  cryslaln.  There 
b  IrcquMitly  a  group  of  separate  crystals  in  the  same  cell,  or  n  con- 
^onerU«  clastcr,  as  in  Fig.  7C.  The  most  common  form  is  that 
of  a  kng  and  narrow  four-«ided  piism,  so  slender  that  it  resembles 
■  needle  (Fig.  71-73).  Such  crystals  were  accordingly  called 
JtajAidtt,  i.  c.  needle-shaped  bodies, — a  name  which  has  been  es- 
ttoded  to  include  all  crystals  in  plants,  of  whatever  sliapu.  ^Vhen 
^M  crjTBtiiU  are  needle-shaped,  they  usually  occur  in  htrge  numbers 
in  each  crystal-bearing  cell,  packed  together  in  a  bundle.     These 
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may  be  readily  found  in  the  stalks  of  the  Ehubarb,  the  Four-o'clock, 
the  Arum  or  Indian  Turnip,  and  the  Calla.  In  the  latter  plants,  a 
crystal-bearing  cell  in  the  leaf  may  often  bo  detached  entire  from 
the  surrounding  tissue :  when  moistened,  it  absorbs  water  by  endofi- 
mosis,  becomes  distended,  and  may  sometimes  be  seen  to  eject  its 
crystals  one  by  one,  in  a  curious  manner,  through  a  minute  perfora- 
tion at  one  or  both  ends  (Fig.  73).  As  to  their  composition,  these 
crystals  more  commonly  consist  of  oxalate  of  lime ;  but  those  of  car- 
bonate, sulphate,  or  phosphate  of  lime  are  not  unfrequent. 

95.  Cystolithes  are  a  peculiar  structure  composed  of  crystalline 
mineral  and  of  vegetable  matter  combined,  of  common  occurrence  in 
the  leaves  of  the  Fig,  Hop,  Mulberry,  and  all  the  Nettle  family, 
just  beneath  the  epidermis.  They  are  globular  or  club-shaped 
bodies,  or  of  various  other  forms,  usually  hanging  by  a  short  stalk 
in  an  enlarged  cell:  their  principal  mass  is  found  to  be  cellulose; 
but  their  surface  is  studded  with  crystalline  points  of  carbonate  of 
lime. 


CHAPTER     II. 

OP  THE  GENERAL  DEVELOPMENT  AND  MORPHOLOGY  OP  PLANTS. 

96.  Having  ascertained  what  vegetable  fabric  consists  of,  we  are 
prepared  to  consider  how  these  organic  materials,  the  cells,  are  com- 
bined to  constitute  a  vegetable,  what  the  parts  or  organs  of  plants 
are,  how  they  are  related  to  each  other,  and  how  they  live,  grow, 
and  perform  the  work  of  vegetation.  Vie^ving  plants  as  individual 
beings,  we  may  now  proceed  to  study  their  Organography  or  Mot' 
phology  (3). 

97.  Plants  occur  under  the  greatest  diversity  of  forms.  Some 
kinds  are  of  the  utmost  simplicity ;  and  many  of  these  are  so  minute, 
tliat  separately  they  are  .invisible  to  the  naked  eye,  and  become 
apparent  only  by  their  aggregation  in  vast  numbers.  Others  are 
highly  complex  in  structure,  and  may  attain  a  great  size,  such  as 
gigantic  trees,  some  of  which  have  flourished  for  a  thousand  years 
or  more.  But  each  plant  or  tree,  however  vast  or  complex  it  may 
become,  commenced  its  existence  as  a  single  vegetable  cell,  by  the 
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1  of  which  iho  whole  fabric  was  built  up.  All  our  or- 
lerte  and  trees,  however,  eyen  while  in  Ihe  peeii,  have  alrfiiriy 
I  Wyond  this  stage,  and  consist  at  this  lime  of  a  mnsa  of  crll:*, 
I  or  less  di^itinclly  wrought  into  Ihe  form  of  a  plaullet ;  wliile 
the  gama  of  pbuitit  of  n  lower  grade,  at  the  time  of  iheir  separation 
fim  tito  parent  plant,  ore  each  no  more  titan  a  single  celL  Cells  of 
tUi  kind,  destined  to  give  fine  to  new  individuals  (i.  e.  for  reproduc- 
tioa),  are  called  SrOKES.  The  name  spore  ia  irom  a  Greclc  word, 
—aning  the  enme  as  seed. 

98.  Plant*  may  be  distingiuahed,  therefore,  into  two  great  Series 
or  OnJet,  a  lower  and  a  liigher;  —  the  lower  or  simpler  grailc  eou- 
[  of  thosi!  plants  which  directly  spring  from  single  cells  or 
i  the  higher  grade,  of  those  which  spring  from  seeds. 


PLAjna  OF  TBE  Lower  Grade-,  theib  Develop- 
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b  This  grade  includes  the  simplest  and  minutest  plants,  and 

aj  which  ntlaln  a  great  size,  and  cxliihit  no  ^mall  complexity 

■h  ns  Tree  Ferns  (Fig.  100),  for  instance.     The 

west  kimb  not  only  begin  their  existence  na  single  cells,  but 

0  BO  throughout  their  whole  growth.     The  most  simple  poasi- 

hle  fomi  of  vegetation  therefore  consists  of 

lOO.  Planls  ol  a  Sinsle  Cell.  In  these  mmuns  of  Ihe  vegetable 
world,  Ute  plant  la  reduced  lo  its  lowest  terms :  the  plaiU  and  the 
off  ore  here  idenlicul.  The  cell  constitutes  an  entire  veffelalie  with- 
eitf  organt,  imbibing  its  food  by  endosmosis  (40)  throngh  iu  walls, 
aa^milating  thi^  food  in  its  interior,  and  converting  iho  organizable 
pndacU  ut  first  into  the  malerinls  of  its  own  enlargement  or  growtli, 
and  Btmlly  into  ikw  cells,  which  eonslitute  its  progeny.  Thus  wo 
ban)  an  epitome  of  all  that  is  essential  in  vegetation,  even  on  the 
kigesl  scale ;  namely,  the  \mbibil!on  of  inorgame  materials  ;  their 
mtimHatioit ;  their  npplication  to  the  growth  of  the  individual,  or 
wttrilion  :  and  the  formation  of  new  individuals,  or  reproduction. 
"Rrcxy  stream  or  pool  of  water  abounds  with  eucli  plants,  often  in 
pest  variety.  Simple  aa  these  plants  are,  they  are  by  no  raenns 
rartricievi  to  one  monotonous  paltom:  perhopa  they  present  as  great 
drennly  of  fomi  as  do  the  kinds  of  ordinary  vegetation,  although 
ftcn  their  minulenees  they  are  mostly  inrisible  to  the  naked  eye. 


62  THE   GENEBAL  DEYELOPSiENT   OF  PLANTS, 

The  admirable  memoirs  of  Nageli  and  of  Braun  upon  One-oelled 
Plants,  and  the  works  of  Halfs,  Kutzing,  Thwaites,  &c  upon  the 
DesmidiacesB  and  Diatomacese,  illustrate  a  great  varictj  of  forms. 
The  simplest  possible  case  is  that  of 

^  81        aa  ^^^'  P^'^  ^/«  'StTi^fe  Glohular  Cell; 

that  is,  of  a  cell  which  grows  equally  in 
W^    ^^^    (^S1     every  direction,  and  therefore  retains  the 

original  form.  The  microscopic  plant 
known  as  giving  rise  to  the  phenomenon 
of  red  mow  furnishes  a  good  illustration 
of  the  kind  (Fig.  79,  80)  :  and  so  does  a 
*  ®  more  common  species,  Protococcus  cru- 

entus,  which  forms  dull-crimson  patches,  resembling  blood-stains,  on 
the  northern  side  of  damp  rocks  or  old  walls.  Each  sphere  is  a 
single  cell,  which,  quickly  attaining  its  growth,  produces  (probably 
by  division  of  the  contents)  a  number  of  free  cells  in  its  interior. 
These  escape  by  the  decay  of  the  walls  of  the  mother-cell,  grow 
speedily  into  similar  cells  or  plants  themselves,  giving  rise  to  another 
generation,  and  perish  in  their  turn.  Fig.  81  represents  another 
and  similar  one-celled  plant ;  and  Fig.  82  and  83  show  its  mode  of 
propagation,  namely,  by  division  of  the  whole  living  contents  into 
two  portions,  and  these  again  into  two,  these  four  globular  masses 
soon  acquiring  a  wall  of  cellulose,  and  becoming  so  many  distinct 
cells  or  plants ;  —  the  whole  process  admirably  illustrating  a  com- 
mon mode  of  cell-multiplication  (36).  Indeed,  another  micrctecopic 
plant  of  the  kind,  very  common  in  shallow  pools  at  the  beginning  of 
spring,  was  taken  as  the  readiest  example  of  this  multiplication  of 
cells  (Fig.  18  -  22).  This  propagation  causes  the  destruction  of  the 
mother-plant  in  each  generation,  all  its  living  contents  being  em- 
ployed in  the  formation  of  the  progeny,  and  its  effete  wall  obliter- 
ated by  softening  or  decay,  and  by  the  enlargement  of  the  contained 
cells.  Thus  the  simplest  vegetation  goes  on,  from  generation  to 
generation.  The  softened  remains  of  the  older  cells  often  accumu- 
late and  form  a  gelatinous  stratum  or  nidus,  in  which  the  succeeding 
generations  are  developed,  and  from  which  they  doubtless  derive  a 

FIO.  79.  Serwnl  indlTidiials  of  the  Red-Snow  Plant  (Protococcni  nlnOis)  magnified.  80. 
An  indiTidoal  highly  magnified,  showing  more  distinctly  the  new  cells  or  spores  formed  with- 
faiit. 

FIG.  81.  An  IndiTidnal  of  ChrooeoceoB  mfeioeos,  after  N&gell,  mnch  magnified.  82.  A 
more  advanced  individual,  with  the  contents  forming  two  new  cells  by  diyision.  88.  Another, 
with  the  eontoits  divided  into  four  new  cella. 
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part  of  their  sufitenance,  — just  as  a  tufted  Moes  is  nourished  in  part 
from  the  underlying  bed  of  vegetable  mould  which  is  formed  of  the 
decayed  remains  of  its  earlier  growth.  Other  one-celled  plants 
enlarge  in  one  direction  more  than  in  any  other,  so  becoming  oval 
or  oblong,  and  making  a  transition  to  a  somewhat  higher  grade  of 
vegetation,  viz. 

102.  PkmU  of  a  Single  Elongated  Cell.  Such  plants  may  be  con- 
ceived to  bear  the  same  relation  to  the  foregoing,  that  ducts  (57) 
and  wood-cells  (53)  do  to  cells  of  parenchyma  (51).  For  an  ex- 
ample we  may  take  any  species  of  Oscillaria 

(Fig.  84) ;  a  form  of  aquatic  vegetation  of  mi- 
croscopic minuteness,  considered  as  to  the  size 
of  the  individuals ;  but  these  rapidly  multiply 
in  such  inconceivable  numbers,  that,  at  certain 
seasons,  they  sometimes  color  the  surface  of 
whole  lakes  of  a  green  hue,  as  suddenly  as 
broad  tracts  of  alpine  or  arctic  snow  are  red- 
dened by  the  Red-Snow  Plant  If  the  trans- 
verse markings  of  some  Oscillarias  answer  to 
internal  partitions,  then  they  make  a  transition 
between  one-celled  plants  and  those  formed  of 
a  row  of  cells.  —  Since  cells  wliich  form  part  of 
the  fabric  of  vegetables  are  sometimes  branched 
(38),  we  should  naturally  expect  to  find,  as  the 
next  step  in  the  development, 

103.  Plants  of  an  Elongated  and  Branching  Cell.  Good  ex- 
amples of  the  sort  are  furnished  by  the  species  of  Vaucheria,  which 
form  one  kind  of  the  delicate  and  flossy  green  threads  abounding  in 
fresh  waters,  and  known  in  some  places  by  the  name  of  Brook-silk, 
These,  under  the  magnifying-glaf*s,  are  seen  to  be  single  cells,  of 
unbroken  calibre,  furnished  here  and  there  with  branches  (Fig.  89). 
The  branches  are  protrusions,  or  -new  growing  points,  which  shoot 
forth  by  a  sort  of  budding,  and  have  the  power  of  continuous  growth 
from  the  apex.  In  Bryopsis  (Fig.  91),  a  beautiful  small  Sea-weed, 
the  branches  are  much  more  numerous  and  regularly  arranged; 
their  cavity  is  continuous  with  that  of  the  main  stem,  if  we  may 
so  call  it :  in  other  words,  the  whole  plant,  which  is  by  no  means 
minute,  consists  of  a  single,  repeatedly  many-branched  cell.  And 
in  Codium,  another  genus  of  marine  Algae,  we  have  an  indefinitely 

no.  Si.    Two  indlfklaili  of  OtdUaiia  pplnUs,  nugnUied ;  one  with  «n  extxcmitj  cat  off. 
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ramified  cell,  intricately  interlaced  or  compacted,  and  formmg  dense 
masses  of  considerable  size  and  of  dcfinito  shapes. 


104.  WMlc  in  tbese  cases  the  ramifications  of  the  cell  imitate,  or 
as  it  were  foreshadow,  the  stem  and  branches  of  higher  organiied 
plants,  we  have  in  Botrydium  (Fig.  88)  a  cell  whose  ramifications 
resemble  and  perform  the  functions  of  a  root.  Tliis  conaista  of  an 
enlarged  cell,  wliicli  elongates  and  ramifies  downwards,  the  slender 
branches  penetrating  the  loose  and  damp  soil  on  which  the  plant  grows, 
exactly  in  the  manner  of  a  subdiTided  roof.  Meanwhile,  a  crap  of 
spores  or  rudimentary  new  cells  is  produced,  by  original  cell-forma- 
tion (29),  in  the  liquid  contents  of  the  mother-cell ;  these,  escaping 
when  that  decays  or  bursts,  grow  into  similar  plants,  in  the  manner 
shown  by  Fig.  86, 87.  The  spores  by  which  Vauchcria  is  propagated 
originate  in  a  somewliat  different  way.  "When  about  to  fructify,  the 
apex  of  a  branch  enlai^'s,  its  green  contents  thicken,  separate  from 
those  below,  condense  jiito  a  rounded  mass,  whicli  acquires  a  coat  of 
protoplasm  (Fig.  89,  a)  :  the  sac  In  which  it  was  formed  soon  bursts 
open,  and  tbe  new*bom  spore  escapes  into  the  water  (Fig.  90).  It 
moves  about  freely  for  some  hours  (678),  when  a  coat  of  cellulose  is 
fi)rmed  upon  its  surface,  coavcrting  it  into  a  true  cell,  which  soon 


no.  6G-BT.  Boti7ilIamWaUn>UiUlnlUd«nIopmeiit.uidwttEiiM*MRa(bnnlncirUhln; 
dUt  Silliliig:  S5,  tbactOt  itUI  iphntul:  80,  pniDtliii  intoilubi  Mow:  87,  Uh  tab«  fn- 
lOD^jed  and  bivichvd :  all  much  tnAgnlBed. 

yiO,  BS.    Botrjdlum  ■rglllu«iuD,  ftRn  EudUclwr ;  tbe  ^IU.ff^own  pluit,  nu^fled. 

PIO.  St).  Vigcbtris  cUntK,  enlutnd :  a,  »  ipora  Cinntd  la  U»  riIiiihI  spei  oT  IbM 
bruirh.    60.  And  of  Iho  bruch,  mom  mnsnUed,  irltb  tlu  ipon  «»ped  rn>ni  th«  bunt  apvi. 

FIQ.  SI.    Bijopab  pliunon ;  nuunlt  of  ii  item  «l 
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grewa  by  clongnting  into  a  thrcnJ,  one  end  of  which  fixes  ittolf  to  a 
Haae  or  some  oilier  Kilid  body,  wliilu  the  other  grows  first  into  a 
tkiple  tulie,  nnd  then  sends  off  branohea  like  its  parent.  In  this 
way,  ft  plant  eompose<l  of  a  single  cell  Jmilales  not  obscurely  the 
upward  wul  downward  growth  (ilic  root  and  the  stem)  of  the  more 
perfect  plant*,  or  when  cells  like  iheac,  whether  simple  or  branched, 
Sinn  cposs-pnrlitions  as  they  grow,  in  the  manner  of  the  Conferva 
(Fig.  15)  itied  to  illusinile  this  mode  of  cell-multiplication,  they  give 


PluU  of  a  Single  Row  of  CcIIk. 

(Conferveai),  which  abound  in 


Ml 

^^Bddi  or  Itlildew 
FoDgi,  cf  which 
three  kinds  are  hero 
rppivsniteit ;  vir. 
Ibo  Bread-Mould 
(Fig,  9i).  and 
the  CbMtM^KIouM 
(Fig.  93).  which 
if*  npco  dead  or- 


Most  of  the  thread-like  green 
IKiuh  and  brooks,  are  of  this 


m^ 


a  specka  of  Botrytia  (Fig.  94).  The  Intter,  and  other  Moulds  of 
i1h  mbio  or  of  olher  kind!*,  feed  upon  the  jiiicps  of  lining  plants,  and 
eren  Rntnuili,  where  they  commit  great  ravages.  The  too  well- 
kninni  pointo-di!>ea6e,  for  example,  is  probably  caused  by  the  altaek 
ef  A  (peicies  of  Botrytia  j  a  sirailnr  ppeciea  has  long  been  known  as 
tfae  csaM!  of  tha  tnuscardlnc,  a  fatal  malady  of  silk-worms,  and  the 
ulwly  whirli  has  for  several  years  destroyed  a  great  part  of  llie 
gnpe-emp  in  Kuro]>e  is  canseJ  by  another  parasitic  plimt  of  the 
iMiiii  Simple  structure.  The  aeeomjmnying  figures  show  only  the 
fofevi  stair  of  these  troublesome  lililo  plants,  or  rather  their  fnicti- 
Sntion.  Their  TVgtlation  consists  of  long  and  branching  threads 
(flf  wliicli  a  emitll  portion  only  is  represented  at  the  base),  which 
fcnarate  and  sprcwl  widely  and  rjpidjy  through  the  vegetable,  or 
oAer  body  they  Uve  on,  and  feed  u[ion  its  juices.  At  length  they 
tn>k  oat    upon    tlic   surface,  and  produec  countless   uumbcrs  of 


]kB^    K.  tt*  rtMH-M^i 


■<t  Mould,  ui>idII1«i1.    Bl.  T!»  a 
a  (AnpirgUlai  gtaiuiu).     94.  & 


d-MonM  (Maroi,  o 
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spores  (97)t  or  miniile  rudimentaiy  cells,  wliich  are  detached  from 
the  parent  plant  and  serve  the  purpose  of  seeds.  The  spores  are 
in  some  cases  produced  (probably  by  original  eell-formation),  in  as 
enlarged  lenninal  cell,  as  in  the  Bread-Mould  (Fig.  92) ;  while  in 
other  cases  they  are  naked,  and  arise  from  cell-diviuon,  as  in  Fi^ 
93,  94. 

106.  Plants  of  this  simple  structure  (belonging  chiefly  to  the 
lower  Algce  and  Fungi)  are  almost  as  various  in  fonn  and  numerous 
in  species  as  are  the  higher  kinds  of  vegetation.  Some  consist  of  a 
single  jointed  thread;  others  are  excessively  branched;  and  some- 
times the  branches  arc  interlaced  or  compacted  to  form  masses  or 
strata  of  considerable  size.  Some  of  them  present  little  or  no  dis- 
tinction among  the  cells  they  consist  of,  each  cell  performing  the 
same  office  ns  any  other,  and  each  capable  of  producing  spores  or  in 
some  way  semng  for  reproduction ;  such  may  well  be  regarded 
as  rows  of  one-celled  plants,  more  or  less  united.  But  more  ctm- 
monly,  even  in  the  simplest  vegetable  forms,  the  worft  whidi  the 
plant  has  to  perform  is  divided,  some  parts  serving  for  vegetation  or 
nutrition,  and  others  for  reproduction,  as  wc  sec  is  the  cose  with  tfae 
Moulds,  &c  Even  a  one^celled  plant  may  begin  to  have  organs,  or 
parts  adapted  to  special  purposes,  as  is  well  shown  by  Botr^'dium 
and  Vaucheria  (Fig,  85-90).  As  we  a.=ccnd  in  the  scale  of  vege- 
table life,  more  and  nioro  speciaUzation  will  bo  found  at  every  step. 

107.  A  slight  change  in  the  way  the  cells  multiply,  namely,  the 
formation  of  partitions  in  two  dircclions  instead  of  only  one,  intro- 
duces the  next  advance  in  vegetable  development,  giving  rise  to 


108.  PlBntiofaSingliFlaneorkrerofCelh.    Figures  18-22  show 

how  a  plant  of  a  single  spherical  cell  may  multiply,  by  repeated 


no.  96.  A  p)c»  or  iKfei 

96.  A  portlOD  of  the  wbola  I 
tora.    Tha  etUt  bin  thick  g 


A  LfplieuRl,  frcpca  Uudioii  Rinr,  of  twtn  Um  lutnTml  dM< 

iDOui  wallB ;  thoAB  La  tha  mldiUa  u«  ■loDgttad,  thfiia  toward* 
iill  porUoD  itlU  mon  nufiillleiL 
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imiMo,  into  two,  four,  and  sixlfen  auch  plants,  and  so  on.  But  if 
iti^c  rolls  had  merely  remained  in  connection  n3  Ihry  nuiltiplied, 
they  irouM  huve  eomposed  one  plant,  consisting  of  a  stnilum  of  cells. 
T)At  i*  jost  what  we  hiive  in  the  Dulse  or  Lavor  (L'Itb,  &e.)  and 
■me  other  eimple  IcAf-tike  Algie  of  mrioiis  kindi,  such,  for  example, 
at  Itut  Oliutroled  in  Fig.  Do  -  97.  IVhen  the  whole  body  of  n  plant 
il  tbi*  expanded  and  leaf-like,  it  forms  whnt  is  called  a.  Frond. 

108".  Sot  only  Sea-weeds,  but  many  Liverworts  find  LidienSj 
pOK  ia  lilts  way.  (In  Lichens,  Ac.,  the  expanded  body  usually 
^I^Bi^M  name  of  TuALLrs.)  In  most  coses,  however,  such  plants 
^^^^K)Osed  of  more  than  one  layer  of  cells,  or  of  a  considerable 
^^P^of  laypfs.  Ah'I  tjiosa  of  lliread-Iike  forms',  resembling  naked 
WnP  tod  bnuiche.*,  in  all  the  coarser  and  in  some  very  delicate 
Unhi  wo  made  up,  like  the  parts  of  ordinary  vegetable^  of  Geveral 
lUdum^es  of  cells ;  that  is.  they  arc 

109.  Plub  0(  0  Solid  Tlune  Ot  Ctlll,  formed  by  cell-mnlliplictttion 
throng  division  taking  place  in  more  than  two  directions.  Se&- 
veeds.  Lichens,  and  oilier  jilanls  of  the  lowest  orders,  fonning  in 
this  way  a  tissue  of  cells,  generally  exhibit  either  leaf-like  or  stem- 
like  «bapM,  but  seldom  if  ever  do  they  present  both  in  the  same 
planL  They  may  resemble  leaves,  or  they  may  resemble  stem  and 
favtchcs,  or  display  n  variety  of  forms  inlermcdiute  between  stem 
and  leaS.  llut  it  is  only  when  we  eomc  to  the  highest  tribe  of 
tirerworte,  and  to  the  true  ^losses,  that  the  familiar  tifpe  of  ordinary 
ivgcuiion  is  realized  in 

110.  Flub  with  B  DistiucI  liis  and  Foliage;  that  i«,  with  a  stem 
wirich  shoots  upward  from  the  soil,  or  ivhatever  it  is  fixed  to,  or 
avefs  OD  its  surface ;  wliich  grows  onward  from  its  apex,  and  is 
■yiuaetrially  clothed  with  distinct  leaves  as  it  advances.  All  ibeso 
loviv  vegeinblesi,  of  whatever  form,  imbibe  their  food  through  any 
Of  cmry  purt  of  their  surface,  at  least  of  the  freshly  formed  ports. 
TMr  root),  when  they  liave  any,  arc  usually  intended  to  fix  the 
pltMt  to  the  ivck  or  lioi],  rather  tlian  to  draw  noiiriKbment  from  it. 
Hie  strong  roots  of  llie  Oar-weed,  DeriTs  Apron  (I^aminnria),  and 
atbv  Inrge  Sea-weeds  of  our  coast,  are  merely  Lold-fasis,  or  cords 

into  n  disc-like  surface  at  the  extremity,  which  by  their 
bind  ibese  large  marine  vegetables  firmly  to  the  rock  on 
riDch  thry  grow.  Slosses  also  lake  in  their  nourishment  through 
Ihdr  whole  espnnded  surface,  principally  therefore  by  their  leaves  j 
ha  ibo  Menu  iliW  shoot  forth  from  time  to  time  delicate  rootlets, 
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composed  of  slender  cells  which  grow  in  a  downward  direction,  and 
doubtless  perform  their  part  in  absorbing  moisture.  A  Moss,  there- 
fore, is  like  an  ordinary  herb  in  minia- 
ture, and  exhibits  the  three  general 
Organs  op  Vegetation,  tIz.  ^oot^ 
Stem,  and  Leaves, 

111.   Cellnlar  and  Tasenlar  Plants. 

While  the  Mosses  emulate  ordinary 
herbs  and  trees  in  vegetation  and  ex- 
ternal appearance,  they  accord  with 
the  lowest  kinds  of  plants  in  the  sim- 
plicity of  their  anatomical  structure. 
They  are  entirely  composed  of  cellu- 
lar tissue  strictly  so  called,  chiefly  in 
the  form  of  parenchyma  (51) ;  at  least 
they  have  no  distinct  vessels  or  ducts 
(57)  and  no  true  wood  in  their  com- 
position. Tlie  Mosses,  along  with  the 
Lichens,  Algae,  Fungi,  &c.,  were  there- 
fore denominated  Cellular  Plants 
by  De  Candolle.  All  plants  of  higher 
grade,  inasmuch  as  vascular  and  woody 
tissues  enter  into  their  composition, 
when  they  are  herbs  as  well  as  when 
they  form  shrubs  or  trees,  he  distinguished  by  the  general  name  of 
Vascular  Plants. 

112.  The  strength  which  woody  tissue  imparts  (54)  endbles 
plants  in  which  it  abounds  to  attain  a  great  size  and  height ;  while 
Mosses  and  other  cellular  i)lants  are  of  humble  size,  except  w^hen 
they  live  in  water,  in  w^hich  some  of  the  coarser  Sea-weeds  do  indeed 
acquire  a  prodigious  length.  Although  true  Mosses  have  no  wood 
in  their  composition,  yet  the  so-called  Club-Mosses  have.  So  also 
have  the  Ferns,  the  highest  organized  family  of  the  lower  grade  of 
plants;  and  although  these  are  mostly  herbs,  or  else  plants  with 
their  more  or  less  woody  stems  creeping  on  or  beneath  the  surface 
of  the  ground,  yet  in  warm  climates  some  species  rise  with  woody 
trunks  into  tall  and  palm-like  trees.     Kut  even  these,  like  the  hum- 


««« 


FIQ.  98.  An  individual  of  a  Moss  (Phyflcomitriam  pyriforme),  enlarged  to  about  t'vreiTt 
times  the  natural  size.  99.  Tip  of  a  leaf,  cut  across,  much  magnified,  to  show  that  it  is  made 
np  (except  the  midrib)  of  a  ringle  layer  of  colls. 
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HhI  Momes  or  tlic  minulcst  Moulds,  spring  from  single  cells  or 
■pciTM  (97),  and  not  from  true  seed).     And  the  nppnratus  by  which 
llic««  Bpar<»  lire  produced,  whatever  Ite  its  nature,  is  not  a.  flower. 
rUnts  of  the  luwi^r  gmde  (08, 
99)  art)  therefore   collectively 
dfiHunuuilcd 
113.  FlowfrlfO  or  Crj-ploga- 

■HI  PlanU.  The  Hrst  niimc 
espTMses  the  fact  that  the  or 
j;biis  of  fhiclificittion  in  these 
pUnU  un  not  of  the  nature 
of  rvni  flowers.  The  eecond 
nam*,  which  was  introduced 
bj  LtmuFus,  and  is  composed 
rf  two  Gn-irk  wonls  meaning 
"omcoaW  iructification,''  rc- 
kn  to  lh«  ol)(-<rure  nulure  of 
ifcc  otpuis  or  the  proceasea  of 
iefM<Ddu«tion  in  iheso  phiiils, 
wfaidi  hnvc  only  recently  come 
lo  be  understood.  Some  ae- 
count  of  them  will  be  given 
in  Cbi^lcr  XTL 


pLAXra    OF  THE  HlOHER    GRADE  ;    TnEIB   DEVELOP- 
MENT FROu  lEiB  Seed. 

ll-t.  nowtriUS  or  FhKnognmoas  Planls,*  —  bo  called  in  contradis- 
linrtion  lo  the  Flowcrlcss  or  Ciyptogamous,  —  la  the  general  name 
Ibr  the  higher  grade  of  [dant.i,  to  which  our  ordinary  herbs,  shnilKi, 
and  trees  belong,  and  which  may  be  said  to  exhibit  the  perfected  type 
of  ngelation.     The  lower  grade  begins  with  plants  so  simple  us  lo 


made  fmm  tho  si 
.prcs^ion,  IhD  connlcrpnr 


I,  and  tignify,  b}-  a  nictapliorical 

that  a,  thnt  tho  etuatial  orgtuis  of  Iho  flower 


b  i'  •  Tm  Von,  mcktnula  mi 
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bo  destitute  of  organs ;  and  it  is  onlj  in  the  higher  CryptogamooB 
plant'^,  such  as  Mosses  and  Ferns,  that  the  familiar  organs  of  ordi- 
nary vegetation  appear  as  separate  parts  of  the  plant,  viz.  the  root, 
stem,  and  leaves.  In  the  liigher  grade  (i.  c.  in  Phsenogamous 
Plants)  these  three  parts  are  well  defined,  and  always  present,  in 
some  form  or  other;  —  a  few  anomalous  instances  excepted,  sudi 

as  the  common  Duck-weed,  for  example  (Fig.  102). 
Here  stem  and  leaf  are  as  it  were  blended,  in  the 
manner  of  a  Liverwort,  to  form  a  flat  green  body, 
wliich  floats  on  the  water,  exposing  the  upper  snrw 
face  like  a  leaf  to  the  light,  while  one  or  more  roots 
proceed  from  the  lower,  and  a  small  and  simple 
flower  at  length  makes  its  appearance  on  some  part 
of  the  margin.  This  is  an  extremely  simplified 
state  of  a  Plisenogamous  plant. 

115.  Ordinarily,  not  only  are  the  root,  stem,  and 
foliage  distinct  and  separate  from  each  other,  but 
also  distinct  from  the  apparatus  for  reproduction. 
So  that  the  plant  is  composed  of  two  kinds  of  or- 
gans, viz.  Orgaxs  of  Vegetation  and  Obgaks 
OF  Reproductiox. 

116.  The  Organs  of  Vegetation  are  the  Root,  Stem,  and  leaves  (110). 
These  arc  so  ciilled  because  they  are  jointly  concerned  in  the  nutri- 
tion and  growth  of  the  plant,  and  in  the  performance  of  all  its  char- 
acteristic functions,  and  they  arc  all  that  is  so  concerned.  Making 
up  as  they  do  the  entire  vegetable,  and  rej>eated  under  varied  forms 
throughout  its  whole  development,  they  arc  also  termed  the  Funda- 
mental Organs  of  plants. 

117.  The  Organs  of  Reprodnetion  in  the  simplest  Cryptogamoos 
plants  are  not  distinct  from  those  of  vegetation ;  but  in  most  plants, 
even  of  the  lowest  families,  the  cells  for  reproduction  are  different 
in  appearance  and  in  the  mode  of  their  formation  from  those  which 
serve  for  vegetation.  These  reproductive  cells,  or  Spores,  with  the 
apparatus  for  their  production  and  protection,  whatever  it  may  be, 
constitute  the  organs  of  reproduction  in  Crj'ptogamous  plants.  In 
Pho^nogamous  plants  the  organs  of  reproduction  are  the  Floyter, 
essentially  consisting  of  Stamens  and  Pistils,  and  the  result  of  their 
co-operation  is  the  production  of  Seed. 

118.  A  Seed  is  a  body  produced  by  the  agency  of  a  flower,  which 
contains,  within  one  or  more  coats  or  coverings,  a  ready-formed 
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plantlet  in  a  rudimentary  state.  Flowerless  or  Cryptogamous  plants 
spring  from  spores  or  single  cells,  which  when  they  germinate  multi- 
ply to  produce  a  tissue  or  an  aggregation  of  ceUs,  that  at  length 
grows  and  forms  a  plantlet  But  a  seed  contains  a  plantlet  ready 
formed,  or  a  germ,  which  is  called  an  Embryo.  And  the  history  of 
a  Flowering  or  Phsenogamous  plant  naturally  begins  with 

119.  The  Oefdopmeiit  of  the  Embryo  from  the  Seed.    The  embryo^ 

Taries  exceedingly  in  size,  shape,  and  appearance  in  different  plants ; 
bat  it  is  constructed  upon  the  same  general  plan  in  all ;  and  the 
derelopment  of  almost  any  plantlet  from  the  seed  will  serve  to  illus- 
tiale  the  principal  laws  and  processes  of  vegetable  growth.  To 
oommence  with  the  study  of  the  seedling  is  the  readiest  way  to  un- 
derstand the  whole  vegetable  structure  and  life. 

120.  The  seeds  of  the  Red  or  the  Sugar  Maple  furnish  good 
ilhistrations,  and  they  are  readily  met  with  in  germtnatiatiy  i.  e.  just 
developing  the  embryo  into  a  plant.  Also  they  are  large  enough  to 
aQow  the  embryo  to  be  extracted  from  the  seed-coats,  and  inspected 
by  the  naked  eye,  or  by  the  aid  of  a  common  hand-glass.  (Fig. 
103-105.)  Here 
the  whole  contents 
of  the  seed  consist 
of  an  embryo,  neatly 
eoiled  up  within  the 
feed-coats.  If  un- 
folded, or,  which  is 

better,  if  examined  when  just  unfolding  itself  in  germination,  it  is 
leen  to  consbt  of  a  tiny  stem  or  axis  (Fig.  104,  105,  a),  bear- 
ing a  pair  of  small  leaves  on  its  summit.  The  axis  is  called  the 
Rabicle,  because  it  was  supposed  to  be  the  root ;  though  it  is  really 
tlie  rudiment  of  the  stem  rather  than  of  the  root,  and  therefore  were 
better  named  the  Caulicle ;  but  the  former  name  is  now  too  well 
established  to  be  superseded.  The  two  little  seed-leaves  (b,  b)  are 
technically  called  Cotyledons  :  and  a  little  bud  which  will  pres- 
ently appear  between  them  (Fig.  106,  c),  or  may  be  discerned  there 
in  many  embr^'os  before  germination  (as  in  the  Almond,  Fig. 
108,  a)  is  named  the  Plumule.  The  embryo,  accordingly,  is  a 
fhort  axis  or  stem  bearing  upon  one  end  some  rudimentary  leaves  ; 

fia  K)8.    Embryo  of  Sogw-Maple  aa  coiled  up  in  tlie  seed.    104. 105.    The  iame,  Jast  be- 
to  mfold  and  deivlop  in  gnminaUon :  a,  Uie  radicle,  or  primarj  stem :  6,  b,  the 
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or,  in  Other  words,  it  is  a  primary  stem  crowned  with  a  leaf-bud. 
When  it  grows,  this  stem  elongates  throughout  its  whole  length,  so 
as  usually  to  raise  the  budding  apex  above  the  surface  of  the  sml, 
into  the  light  and  air,  where  its  cotyledons  expand  into  leaves ;  and 
^  at  the  same  time  from  the  opposite  ex- 

tremity is  formed  the  root,  which  grows 
*  in  a  downward  direction,  so  as  to  pen- 
etrate more  and  more  into  the  soil.  The 
two  extremities  of  the  embryo  are  dif- 
ferently organized,  are  differently  affect- 
ed by  light  and  air,  and  grow  in  opposite 
directions.  The  budding  end  invaria- 
bly turns  towards  the  light,  and  grows 
upwards  into  the  air ;  the  root-end  turns 
constantly  from  the  light,  and  buries  it- 
self in  the  dark  and  moist  soil.  These 
tendencies  are  absolute  and  irreversible. 
If  the  budding  end  happen  to  lie  point- 
ing downwards  and  the  root  end  up- 
wards, both  will  curve  quite  round  as 
they  grow  to  assume  their  appropriate  positions.  If  obstacles  inter- 
vene, the  root  will  take  as  nearly  a  downward,  and  the  stem  as 
nearly  an  upward  direction,  as  possible.  These  are  only  the  first 
manifestations  of  an  inherent  property,  which  continues,  with  only 
incidental  modifications,  throughout  the  whole  growth  of  the  plant, 
although,  like  instinct  in  the  higher  animals,  it  is  strongest  at  the 
conmienccment :  and  it  insures  that  each  part  of  the  plant  shall  be 
developed  in  the  medium  in  which  it  is  designed  to  live  and  act, — 
the  root  in  the  earth,  and  the  stem  and  leaves  in  the  air.  The 
plantlet,  therefore,  possesses  a  kind  of  polarity;  it  is  composed  of 
two  counterpart  systems,  namely,  a  Descending  Axis,  or  root,  and  an 
Ascending  Axis,  or  stem.  The  point  of  union  or  base  of  the  two 
has  been  termed  the  crown,  neck,  or  collar.  Both  the  root  and  stem 
branch;  but  the  branches  are  repetitions  of  the  axis  from  which 
they  spring,  and  obey  its  laws ;  the  branches  of  the  root  tending 
to  descend,  and  those  of  the  stem  to  ascend. 
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FIO.  106.  A  gennlnating  embryo  of  Sagar-Mapto,  more  »dTUie«d :  a,  the  radicle  elongated 
into  the  first  Joint  of  rtem,  bearing  the  unfolded  cotyledons  or  need-leaTeit.  6,  and  between 
them  the  plumule  (e),  or  rudiments  of  the  next  pair  of  kaTes }  yrhUa  from  its  lower  extremltj 
the  root,  d,  is  fanned. 


TLANTS  fROM  1 


.  The  root  nnd  ilie  slem  grow  not  only  in  opposite  directions, 
■  a  difiervnt  mo>]c.  Tlie  liltlc  stem,  pre-existing  in  the  seed, 
b  throufi^out  iu  whole  length,  by  the  niiiItipli<»ilion  of  its  cells, 
nAut  B  rudiule  of  perhapa  less  than  a  line  in  length  mny  become  a 
■teffllct  two  or  three  inches  king.  It  n  by  tbis  elongation  tluit  the 
Mnl-lwTea  nre  niscd  out  of  the  soil,  so  as  to  expand  in  the  light 
and  nir.  Meunwhile  a  root  begins  to  be  fanned  at  the  other  end  of 
Ihendidc;  and  tlii^  lengthens  by  continued  cell-multiplication  mainly 
K  it«  lower  cxtremiiy,  the  }Mirts  once  formed  scarcely  if  at  all  elon- 
guing  flAcrwonla ;  but  tbc  growth  takes  place  continuoualy  nt  the  tip 
■lane.  The  primniy  Btem,  bearing  the  pair  of  eeed-lcarcs,  soon 
ewBftoeB  ils  det-elotunent,  and  ceasea  to  lengthen.  Then,  if  not 
bdbro,  iLo  plumule  (Fig.  lOG,  c)  begins  its  growtii  and  develops 
IMo  a  c«coin<l  stemlet  on  the  summit  of 
tbi  tnt,  bearing  itis  pair  of  leaves.  It 
lengthens  m  the  manner  its  predeccs- 
lor  dill,  and  carries  up  the  second  jiair 
tt  imni  lo  Mme  diitUince  above  the 
fint;  Ihrn  from  between  tliem  springs 
*  lliinl  joint  of  elem,  crowned  with  it3 
pair  of  leaves  (Fig.  107)  j  and  so  on, 
IfwiHipg  up  the  whole  herb  or  tree  by 
lUa  soccemion  of  similar  growths  or 
joints  of  stem.  The  root,  on  the  other 
WkI,  grows  on  in  n  downward  direo 
tioo  oonriouously,  i^  not  composed  of  a 
■eries  of  joints,  and  beoni  no  leaves  or 
olbcr  organs. 

ISS.  The  youngest  seedling  is  tliere- 
fan  provided  with  all  the  organs  of 
vegetation  that  the  full-grown  jilnnt 
posacMos ;  and  even  the  embryo  in 
dw  teed  is  already  a  miniature  vege- 
table^ It  hns  a  stem,  from  Ihe  lower 
mi  of  which  it  strikes  root  in  ger- 
BOMtion  ;  it  has  leave;^  and  it  lius  or 

MOO  forms  a  bud,  wliirb  de^'eIopa  into  new  joints  of  stem  bearing 
idtHtionnl  leaveit,  wliilc  beneath  it  sendi4  its  root  deeper  and  deeper 

no.  lOT.    A  iiiillai  tUflK  whlob  bu  Andoptd  two  mlOiOoatl  >>liiU  at  •!*».  nKb  *IUi 
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into  the  soil.  The  root  absorbs  materials  for  the  phint's  nourish- 
ment from  the  soil;  these  are  conveyed  through  the  stem  into  the 
leaves,  and  there  assimilated  (12,  15),  mider  the  influence  of  the 
light  of  the  sun  and  the  air,  into  organic  matters  which  serve  directlj 
for  further  growth,  and  form  the  fabric  of  new  portions  of  stem,  new 
leaves,  and  new  roots,  the  vegetable  thus  increasing  its  size  and  its 
power  at  every  step. 

123.  Once  established,  therefore,  the  plant  can  provide  for  itself 
drawing  the  needful  materials  from  the  earth  and  the  air,  and 
assimilating  or  organizing  them  by  its  own 
peculiar  power.  But  at  the  beginning,  and 
until  it  has  sent  forth  its  root  into  the  soil 
and  spread  out  its  first  leaves  in  the  li^ht^ 
it  must  be  nourished  and  grow  by  means  of 
organized  matter  supplied  by  the  parent 
plant.    This  supply  in  the  Maple  was  de- 
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posited  in  the  seed-leaves  of  the  embryo,  and  was  barely  sufficient 
to  develop  the  radicle  into  a  tiny  stem,  to  form  a  simple  root  at 
the  lower  extremity,  and  above  to  expand  in  the  light  the  pair 
of  small,  green  seed-leaves ;  when  the  plantlet  is  lefl  to  its  own 
resources.  Very  conunonly  a  larger  store  of  nourishment  is  pro- 
vided for  the  plant's  earliest  growth.  In  the  almond,  for  instance 
(Fig.  108),  the  large  cotyledons  are  so  thickened  by  this  nourishing 
matter,  deposited  in  their  tissue,  that  they  have  not  the  appearance 
of  leaves.  It  is  the  same  in  the  Plum  and  Cherry  (Fig.  Ill*), 
and  in  the  Apple,  only  on  a  smaller  scale  (Fig.  110,  111) ;  and  the 
Beech  (Fig.  112  - 114)  and  the  Bean  (Fig.  115  - 117)  afford  familiar 


FIQ.  106.  Embryo  (kernel)  of  the  Almond.  109.  Same,  with  one  cotyledon  remored,  to 
show  the  plumule,  a. 

FIG.  110.  Section  of  an  Apple-^ced,  magnified,  cntUng  through  the  thickneea  of  the 
cotyledons.    111.  Embryo  of  the  same,  extracted  entire,  the  cotyledons  a  little  separated. 

FIG.  111'.  Germination  of  the  Cherry,  shoidng  the  thick  cotyledons  little  altered,  and 
the  plumule  developing  the  earliest  real  foliage. 
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of  tlie  kinJ.     Tlie  mnplo  plore  of  nouriBhment  in  euch 

ihle*  the  geniiinotin);  plantlct  to  grow  wilh  remarkable 

wtaA  to  drpclop  till?  Strang  jiluniule 

U    IvAve^    before    tlie    seed-lcaics 

-xpniidril,  or  ibe  root  haa  obuuned      vv,  ^ 

fooUiolil    in    tlic    ^il.      In    llicic  / 

llie    cotyledons    are    bo    mueti 

thickened  that, , 

altliough   they 

turn    grcenifch 

in    the    liglit, 

they  only  im- 

sume  tho 
)  pearnnce  i 
/perform 

lions  of  or-^ 

dinary  leaves; 

and  the  earli- 
est real  foliage 

consUta  of  the 

leaves   of   tho 

plumule.  Such 

cotyledons    ■ 

serve     chiefly 

I   as  depositories 

jurishment 

for  the  germi- 

121.  Slill  more  strongly  marked  cases  of  this  kind  are  presented 

I  Pea  (Fig.  118,  119),  the  Chestnut  and  Ilorscehestnut,  the 

Fig-  120,  121),  &e.     Hero  the  cotyledons  are  excessively 

I,  to  as  to  lose  all  likeness  to  leaves  and  all  power  of  ful- 

[  the  office  of  folinge.     Accordingly  they  remain   unchanged 

ficed-coals,   supplying    abundant    nourishment    to   tlie 

BcKh-Dur,  ml  ■maa,  113.  BcglanlDfE  grnnlDAtkiii  of  the  Ek«oh,  ihowlDf 
%$  pIVBoV  givwint  brfnni  Ibv  cotjIedoDB  hata  Dpcnpd  or  llu  toot  hu  Kkmly  [bmieil 
lU.  Tta  an*.  ■  UIUii  liUt,  vlUi  the  HcoDd  idnt  loiglbi^pea. 

na  IIS     The  imlnTo  |Uw  >)»>•  krriHll  oT  (Iw  Dou.    US.  Sum  ui-l;  la  gvnulutlM ; 
a»aM  cMjIh1d»  uiwiilLnK  med  uliowlnc  Ilis  plumnl*.    117.  Some,  man  ulnaeid  Is 
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plumule,  which  gives  rise  to  the  first  leaves  that  appear.  As  the 
radicle  itself  scarcely  if  at  all  elongates,  the  cotyledons  are  not  ele- 
vated in  germination  but  remain  under  ground  (L  e.  are  hypog€BOu$^ 
or  rest  on  the  surface  of  the  soiL 

125.  In  all  the  foregoing  illusti*ations  the 
nourishment  provided  for  the  growth  of  the 
embr}'o  into  a  plantlet  is  deposited  in  the 
tissue  of  the  embryo  itself,  i.  e.  in  the  seed- 
leaves.    In  other 

cases  it  is  depos- 
ited  around '*  the 

embryo ;  when  it 

forms     what     is 

commonly  called 

the   Albumen    of 

the    seed.      This 

makes     up     the 

principal  bulk  of] 

the  seed   in  the 

Buckwheat,     In- 
dian  Com  (Fig. 

126,    127),    and 

most  other   sorts 

of    grain.      The 

greater  the  quan- 
tity of  this,  the 

floury  part  of  the 

seed,  the  smaller 

or  less  developed 

is     the     embryo, 

or  the  less  thick 

arc  its  cotyledons. 

In  the  Mominjr- 
Glory,  for  instance  (Fig.  122  - 125),  where  the  embryo  is  surround- 
ed  by  mucilaginous  albumen,  the  cotyledons  appear  in  the  seed  as 
a  pah*  of  very  thin  and  well-formed  green  leaves.  These  absorb 
the  nourishment  requu-ed  for  the  plantlet's  earliest  growth  from 

FIO.  118.    Embryo  of  a  Pea.    119.  The  same  in  gennination. 

FIG.  120.    An  acorn,  divided  lengthwise,  showing  a  section  of  the  Tery  thiclc  and  fladiy 
cotyledons  and  the  rery  small  radicle.    121.  Gennination  of  the  acorn. 
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ll  ■mmnding  albumen,  which  in  genmnation  h  gmdaa]\y  liquc' 
io^  iu  ttarcb  or  nm^loitl  being  transformed  into  dosirine  and 
ir  (80,  8'2,  83).  Thus  nourished,  the  radicle  rapidly  leugthen§ 
iUa  n  siem,  and  (It'veli){).s  a  root  from  ils  m  lo 

krrer  cxircmily,  comiecting  it  Willi  the 


d  when  the  enlarging  cotyledons 

e  themselves  from  the  decaying 

seed-coats  and  cxpimd  in 

^^K^  A  the  liglit  OS  the  first  pair 

^^^^Bil  of  Icuvcs,  the  plantlc't  ii 

^^^^K\\  already  established  aa  a 

^^^^Bda^    complete  miniatt 

^^^^^|Hr  lablc,  able  to  nourish  it- 

^^^^^P^B    self,  and  moke  sufficient 

^^^^^^  provision  for  its  own  con< 

^^^^H  tinned  growth.  *" 

^^^^B  126.  The  embryo  in  sceiLi  provided  witli  albumen 

^^^V  is  Eometimea  very  »mai\,  as  in  Fig.  131,  or  even 

^^^^^  much  more  minuti?,  and  with  ita  parts  go  rudimentary 

^^^^PY"  tliat  they  are  hardly  or  not  )it  all  discernible  previous 

^^^^    1^        to  their  gradunl  development  in  germination.     But 

f"        sometimes  il  is  pretty  large,  and  with  all  ils  parts 

n>         obvious    in    the    seed ;    ns    in    the    Morning-Glary 

■ad  in  Indian  Corn  (Fig.  122).     The  latter  iiaa  a  highly  organized 

no.  Ut    Srnl  ud  anbTTO  oT  (hs  co 


.    US.  EmbtTOD 
^^  llRBinc-OI«T'    116.    TtacHinoti 
m.  no.    A  (nlB  sr  IdiUui  Con,  h 

nA-  UT.  ADOtber  gnta  of  Cotd,  cut  ' 
he  Wm  iMhijii  Ihnngh  Iti  thick  eat)]i 
IwiMM  acJcwbw  tb*  otlwr. 

m.  Ui.    TlH  anbiTS  t^«i  out  whc 

Mr  foUr  «<>>»<>  <>tU  ll  uw  piumui. 


flalnlH.  lUikM  tbnugh  tbe  rmbry 

la  prindixl  bulk  ot  thd  Hed. 

^»gb  Ibe  middlB  in  th*  oppalle  dine 
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embryo,  with  a  strong  and  weU-derelt^ied  plumnle,  of  several  leaves 
enwrapped  one  witliia  anolhcr ;  and,  being  amplj  nourished  by  tho 
copious  mealy  albumen,  it  sprouts  with  re- 
iniii'kable  vigor,  sending  up  three  or  four 
l(':t\  cs  in  rapid  succeauon  before  the  eaijiest 
Liid  completed  its  growth,  at  the  same  time 
ecnding  forth  additional  roots  downwards  into 
the  soil.  Here  also,  as  in  the  Fea  and  the 
Oiik,&c.  (124)  the  germinatioa  is  hypoffteout, 
till'  <;otyledons  remaining  in  the  seed  under 
ground,  and  the  leaves  which 
i[ji|".'flr  above  ground  belonging  / 
to  llic  plumule.  Tliis  is  also  thc^ 
case  in  smaller  seeds  of  the  s, 
general    kind,    as    those    of 

Onion    and    Lily,    which, 

being     light,     are     raised 

;   abovo   the   surface   of  the 

:   ground  by  the  elongating 

radicle. 

127.  In  this  case,  a 
Iris  (Fi<;.  132),  and  also  in 
the  germinating  Cheny 
(Fig.  111°),  0.ik  (Fig. 
121),  and  Pea  (Fig.  119),  the  leaves  of  the  plumule  t 
succeed  one  another  singly,  that  is,  there  is  only  one 
upon  each  joint  of  stem  :  in  other  words,  the  leaves  are 
alternate.  Whereas  in  the  seedling  Beech  and  the  Bean 
(Fig.  114,  117)  these  early  leaves  arc  in  pair>,  that  is, 
are  opposite.  A  similar  difference  is  to  be  noticed  in  the 
embrj-o  as  to  the 

128.  Nnmber  of  CotfledODS.  All  the  earlier  illustm- 
tions  arc  taken  from  plants  which  have  a  pair  of  cotyle- 
dons, or  seed-leaves,  belonging  to  the  first  joint  of  stem, 
that  is,  to  the  radicle.  Such  embryos  arc  accordingly 
said  to  he  Dicotyledonous,  —  a  name  expressive  of  this  fiict 
But  in  tho  Lily,  Onion,  Iris,  Indian  Com,  and  the  hke,  the  embiyo 

no.  130.    Indlu  Com  niiin  adnDOnl  In  gcrmlpiUnD,  Hiil  wlCh  ft  ctaittr  oT  not*. 
FIO.  131.    Bff.lloiiDrmK«lDriri>arFlowcr.d>-Lun,mafnlB«l,iboirlD(tfa*null*ntoT* 
meloKa  in  tha  klbumes,  wu  IM  bug.    133.  GhhiIuUde  phntM  ot  Irii. 


THE  ROOT. 
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has  only  one  cotyledon  or  Irue  s«-(U<?af  (Fig.  128,  &<■.)  ;  tlie  other 
\aknf,  if  any  are  appnrcnt,  are  eneloseil  liy  the  cotyledon  and  he- 
Itmji  to  Uie  plumule;  and  the  embryo  ivilU  one  cotyledon  is  nc- 
totdin^y  tcnncd  Monocotvi.EDosous.  The  diflerence  in  this 
mpcct  coincides  with,  striking  diR'erencca  in  tlio 
(tncture  of  the  stem»>,  leaves,  and  blossom^  and 
byo  A  fouadulion  for  the  division  of  Flon'ering  or  i 
PfaamofEAmooj  plants  (114)  into  two  great  Clu^-^e^. 

129.  In  a  few  plants,  such  as  Piucs,  the  embryo 
a  pnmdLil  with  from  three  lo  lea  eolykdon;!, 
which  expnnd  into  a.  circle  of  as  many  green  leaves 
in  germination  (Fig.  133,  IS4):  such  on  embryo 
it  iwd  lo  he  PoLrcoTVLEDONOUs,  i.  c.  of  many 
OMybdons. 

ISO.  Having  taken  this  general  survey  of  the 
dervlopitient  of   Fhxinogiunous    plants    from    the 
Mcd,  and  of  llieir  common  plan  of  growth,  their 
Auther  development  and   their   morphology  may         '"         "" 
beat  be  studied   hy  examining    in  Euccession  the  three  universal 
«pu  of  Tt^etalJcm  (IIC)  of  which  they  all  consist,  viz.  the  Root, 
8lM%  and  Leaves. 


CHAPTER     III. 


OF  THE  BOOT,  OR  DESCENDINa   AXI3. 


131.  Tm  Boot  is  the  descending  axis  (120),  or  that  portion  of 
Ifce  Iw^  of  the  pitmt  which  grows  downwards,  ordinarily  fixing  the 
Treatable  lo  the  soil  and  nlisorbing  nourishment  from  it.  As  already 
■miooe'l  (120*  ''>^  t^^'  grows  in  length  hy  continual  ad<lilion»  of 
»em  (uhaic  lo  its  lower  extremity,  elongating  from  that  part  only  or 
dnrfly ;  to  ihnt  the  tip  of  a  growing  root  always  consists  of  the  most 
Bcwiy  finmcil  and  active  tissue.  It  begins,  in  germination,  at  the 
trnt-ead  of  the  radicle.  Tliat  only  this  extremity  of  the  radicle  b 
not  m  evident  from  tim  roode  in  which  the  radicle  grows,  namely, 


U  fl&bl^O  of  H 


l-fcrij 
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hj  lengthening  throughout  ereiy  part;  which  is  a  characteristic 
feature  of  tlic  stem. 

133.  Tlie  root,  however,  does  not  grow  from  its  vciy  apex,  as  is 
commonly  fitated)  but  the  new  formation  (by  continued  multiplica- 
tion of  ccll^,  S3)  takes  place  just  behind  the 
apex  (Fig.  135),  which  consists  of  an  obtuaelf 
conical  masa  of  older  cella.  As  these  wear 
away  or  perish,  they  arc  replaced  by  the  layer 
beneath;  and  »)  the  advancing  point  of  the 
root  consists,  as  inspection  plainly  shows,  of 
older  and  denser  tbsuc  than  the  portion  jnst 
behind  it.  The  point  of  every  branch  of  the 
root  is  capped  in  tlie  same  way.  It  follows 
that  the  so-called  spongiolei  or  tpongelett  of 
the  roots,  or  enlarged  tips  of  delicate  forming  tissue,  hare  no  ex- 
istence. Not  only  are  there  no  special  organs  of  this  sort,  but 
absorption  eiidenlly  does  not  lake  place,  to  any  considerable  extent^ 
through  the  rather  firm  tissue  of  the  very  point  itself. 

133.  AbsorptlOD  bf  Bovtl.     As  the  surface  of  the  root,  like  every 
part  of  a  plant,  consists  of  closed  cells,  it  is  evident  that  the  moist- 
ure it  so  largt^ly  takes  in  must  » 
be  imbibed  through  the  walla  of 
the  cells,  by  cndosmosc  (40) ; 
and  that  the  whole  surface  of  a 
fresh  root  will  take  part  in  ab- 
sorption.    Tlie  newer  the  root, 
however,  the  more  actively  does 
it  absorb,  the  cells  then  having 
thinner  walls.     As  they  become 
older,  the    superficial    layer  of 
cells    thicken    their  walls    and 
form  a  kind  of  skin,  or  epider- 
mis (C9),  through  which  absorp- 
tion does  not  take  place  so  free-  '" 
ly.     Boots  nccortlingly  absorb  mostly  by  their  fresh  tips  and  the 
adjacent  parts;  and  these  are  constantly  renewed  by  growth,  and 
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extended  fiirther  into  the  soil.    The  absorbing  surface  of  the  new 
parts  of  roots  is  greatly  increased  hy  the 

134.  Boot-hairif  or  delicate  fibrih  which  thcj  bear.  These  are 
often  discernible  by  the  naked  eye,  as  in  the  young  seedling  Maple 
(Fig.  106),  and  may  almost  always  be  plainly  shown  by  a  moderate 
magnifying  power,  as  in  Fig.  135 ;  while  a  higher  power  distinctly 
reveals  their  nature,  as  prolongations  of  some  of  the  superficial  cells 
from  a  certain  point  into  slender  tubes  (Fig.  136,  137),  thus  largely 
increasing  the  absorbing  surface.  As  fast  as  the  superficial  cells  are 
converted  into  epidermis,  the  root-hairs  die  away,  fresh  ones  taking 
their  place  on  the  newer  parts. 

135.  The  advancing  extremity  of  the  root  consists  of  parenchyma 
akme;  but  vessels  and  woody  tissue  appear  in  the  forming  root 
soon  after  their  appearance  in  the  radicle  or  stemlet  above.  The 
arrangement  of  the  woody  matter  is  generally  the  same  as  in  the 
stem,  except  that  the  root  seldom  exhibits  a  distinct  pith.  The  root 
increases  in  diameter  in  the  same  manner  as  the  stem.     (Chap.  IV. 

Sect.  rv%  V.) 

136.  The  growth  of  the  root  and  its  branches  keeps  pace  with 
the  development  of  the  stem.    As  the  latter  shoots  upward  and 
expands  its  leaves,  from  which  water  is  copiously  exhaled  during 
vigorous  vegetation,  the  former  grow  onward  and  continually  renew 
the  tender  tissue  through  which  the  absorption,  required  to  restore 
what  is  lost  by  evaporation  or  consumed  in  growth,  is  principally 
effected.     Hence  the  danger  of  disturbing  the  active  roots  during 
the  season  of  growth.    In  early  smnmer,  while  new  branchlets  and 
leaves  are  developing,  and  when  the  sap  is  rapidly  consumed  by  the 
fresh  foliage,  the  rootlets  are  also  in  rapid  action,  are  extending  at  a 
corresponding  rate,  and  their  tender  absorbing  points  are  most  fre- 
qaently  renewed.     They  cannot  now  be  removed  from  the  soil  with- 
out injury,  at  the  very  time  when  their  action  is  essential  to  restore 
the  liquid  wliich  is  continually  exhaled  from  the  leaves.    But  at  the 
dose  of  summer,  as  the  leaves  become  inactive  and  the  growth  of 
the  season  is  attained,  the  rootlets  also  cease  to  grow,  the  epidermb 
fenns  a  comparatively  firm  covering  quite  down  to  the  tip,  and  ab- 
Kffption  at  length  ceases.     This  indicates  the  proper  period  for 
transplanting,  namely,  in  the  autumn  afler  vegetation  is  suspended, 
or  in  early  spring  before  it  recommences. 

137.  This  elongation  of  roots  by  their  advancing  points  alone  is 
admirably  adapted  to  the  conditions  in  which  they  are  placed. 
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Growing  as  thej  do  in  a  medium  of  such  unequal  resistance  as  the 
soil,  if  roots  increased  like  growing  stems,  by  the  elongation  of 
their  whole  body,  they  would  be  thrown,  whenever  the  elongating 
force  was  insufficient  to  overcome  the  resistance,  into  knotted  or  con- 
torted shapes,  ill  adapted  for  the  free  transmission  of  fluid.  Bot^ 
lengthening  only  at  their  farthest  extremity,  they  insinuate  them- 
selves with  great  facility  into  the  crevices  or  yielding  parts  of  the 
soil,  and  af^envards  by  their  expansion  in  diameter  enlarge  the 
cavity ;  or,  when  arrested  by  insuperable  obstacles,  their  advancing 
points  follow  the  surface  of  the  opposing  body  until  they  reach  a 
softer  medium.  In  this  manner,  too,  they  readily  extend  from  place 
to  place,  as  the  nourislmient  in  their  immediate  vicinity  is  consumed. 
Hence,  also,  may  be  derived  a  simple  explanation  of  the  fact^  that 
roots  extend  most  rapidly  and  widely  in  the  direction  of  the  most 
favorable  soil,  without  supposing  any  self-determining  power  beyond 
what  belongs  to  all  growing  parts.     (Chap.  XIII.) 

138.  We  have  taken  the  root  of  the  seedling  as  an  example  and 
epitome  of  that  of  the  whole  herb  or  tree ;  as  we  rightly  may,  fiir 
in  its  whole  development  the  root  produces  no  other  parts  ;  it  bean 
nothing  but  naked  branches,  which  spring  from  different  portions  of 
the  surface  of  the  main  root,  nearly  as  this  sprung  from  the  radictei 
and  exactly  imitate  its  growth.  They  and  their  ramifications  are 
mere  repetitions  of  the  original  descending  axis,  serving  to  multiply 
the  amount  of  absorbing  surface.  The  branches  of  the  root,  more* 
over,  shoot  forth  irregularly,  or  at  least  in  no  order  like  that  of  the 
branches  of  the  stem,  which  have  a  symmetrical  arrangement^  de- 
pendent upon  the  arrangement  of  the  leaves  (166). 

139.  To  the  general  statement  that  roots  give  birth  to  no  other 
organs,  there  is  this  abnormal,  but  by  no  means  unusual  exception, 
that  of  producing  buds,  and  therefore  of  sending  up  leafy  branches. 
Although  not  naturally  fumislied  with  buds,  like  the  stem,  yet, 
under  certain  circumstances,  the  roots  of  many  trees  and  shrubs, 
and  of  some  herbs,  have  the  power  of  producing  them  abundantly. 
Thus,  when  the  trunk  of  a  young  Apple-tree  or  Poplar  is  cut  off 
near  the  ground,  while  the  roots  arc  vigorous  and  full  of  elaborated 
sap,  those  which  spread  just  beneath  the  surface  produce  buds,  and 
give  rise  to  young  shoots.  The  roots  of  the  Madura,  or  Osage 
Orange,  habitually  give  rise  to  such  irregular  or  adventitious  (168) 
buds  and  branches. 

140.  Although  the  root  does  not  produce  ascending  axes,  or  stems, 


Otwjit  in  Mrbtin  rather  unusual  instnnces,  yet  Blcms  Imbilunlly  pro- 
Awe  toots,  whenever  circumslaoccs  favor  it,  naiuely,  wlien  they  are 
conrerad  bj-  the  danip  and  moist  soil,  or  rest  on  iO  eurfuce.  Koots 
acconlingly  may  Ik;  di^linguished  into  primary  nnd  secondary. 

141.  The  Primary  Bool  ia  that  wliich  originates  from  llio  root  end 
of  the  embryo  in  gt'rmination,  including  aLso  its  branches.  If  this 
rancinnris  tts  »  niain  root,  it  commonly  forms  n  tap-root.  Bat  very 
often  the  main  root,  id  soon  lost  in  liie  bmnclies.  Sometimes  a 
diMcr  of  roots  is  produced  directly  from  the  lower  extremity  of 
the  ndicle,  as  in  the  Pumpkin,  and  Indian  Com  (Fig.  130).  In  the 
ktlo-  the  second  and  tlic  eucveeding  short  Joints  of  stem  also  send 
(Ot  fOOU.     Thvao  arc  early  instHnces  of 

U2.  Smndirr  Sooll,  i.  c.  rooU  emitted  by  other  parts  of  the 
Mwnding  axis  than  the  mdide.  Most  creeping  phmta  produce 
Ihm  at  erpry  jnint;  and  most  branches,  when  bent  to  llie  ground 
>ad  covered  with  earth,  so  as  to  ajford  the  moi^turo  and  darkness 
they  require,  will  strike  root.  So,  often,  will  separato  pieces  of 
jVBi^  etenL^,  if  due  care  be  taken ;  as  when  pUmts  are  propagated 
\iy  muing*.  Ctyptogamous  plants,  growing  from  spores  and  hav- 
ing no  embryo  stem  or  uxLj  1o  coamtenco  with,  are  furnished  with 
•ecoDilafy  rootj4  only. 

113.  Viewed  as  to  the  duration  of  the  plant,  roola  are  distin- 
puthrd  into  annual,  biennial,  and  perennial. 

144.  iDniul  fiooU  arc  those  of  n  plant  which  springs  from  the 
wed,  llonvrs,  and  dies  the  same  year  or  season.  Such  pliint« 
dwajs  h»ve  jOrouM  roots,  composed  of  numerous  slender  branches, 
flm,  or  rootlets,  procce<Iing  laterally  from  the  main  or  tap-root  j 
or  ebc  the  whole  root  divides  at  once  into  eucli  fibrous  branches,  as 
ia  sU  annual  Grasses  (Fig.  130).  Tlic^e  mutliplicd  rootlets  are 
mil  adapted  fur  absorption  from  the  soil,  but  for  that  alone.  The 
bod  which  the  roots  absorb,  aAer  being  digested  and  elaborated  in 
tha  teavcs,  is  all  expended  in  ttic  production  of  new  leafy  branches, 
lad  at  Irrigib  of  blos-toms.  The  flowering  process  and  the  maturing 
rf  tbe  fmit  cshflust  the  vegetable  grcwly  (in  a  manner  hereafter  to 
be  expbuncd),  consuming  all  the  nourishing  material  which  it  con- 
tmm,  or  ctoring  it  up  in  the  fruit  or  seed  for  its  oftspring ;  and  the 
oiunulcd  plant  perishes  at  the  close  of  the  season,  or  whenever  it 
[■a  faDy  gone  lu  seed. 

1(5.  BidlBill  fiooU  are  those  of  plants  which  do  not  blossom  until 
libc  wcond  season,  and  which  dio  when  they  have  matured  their 


84  THC  BOOT. 

seed.  Such  plants  send  Qp  do  IcDgthened  etem  during  tbe  fliS 
summer,  but  produce  a  lai^  tufl  of  leaves  next  the  groand,  and 
proceed  to  elaborate  what  they  n- 
ceive  from  the  roots  and  from  the  wr 
into  organic  or  nourishmg  matter,  anl 
stora  it  up  in  the  root,  in  the  form  of 
starch,  vegetable  jelly,  and  the  like> 
The  root  enlarges,  or  becomes  Jl^t^ 
as  this  Bct^umulalea.  la  biennials  thii 
accumulation  generally  takes  place  in 
the  primary  or  main  root^  as  in  llie 
Badish,  Carrot,  Beet,  &e.  This,  when 
only  moderately  thickened  and  taper- 
ing downwards,  is  a  commos  tap-net: 
when  more  enlarged  and  broadeet  al 
the  crown,  or  junction  with  the  ex- 
tremely abbreviated  stem,  it  fonu  a 
conical  root,  hke  that  of  the  commoo 
'"  Beet  and  Parsnip :  when  broadest  in 

the  middle  and  tapering  to  both  ends,  it  is  tpindle-thaped  or  ,/vn- 
form,  as  ia  tlio  Radish  (Fig>  138) :  when  much  broader  than  l<»g 
and  abroptly  contracted  below,  like  a  tnmip,  it  is  napiform.  Sndi 
roots,  abounding  in  nourishment,  are  appropriated  Ly  man  for  food. 
The  plant  itself  uses  this  store  for  the  same  purpose.  When  the 
vegetation  of  these  biennials  is  resumed,  the  following  spring,  the 
new  shoots,  fed  by  this  abundant  stock  of  nourishment  provided  ftr 
them,  grow  with  great  ^^gor,  and  produce  flowers,  fruit,  and  seed 
almost  entirely  at  its  expense ;  and  this  stock  being  exhausted  by  the 
time  the  seeds  are  matured,  when  the  cells  of  the  great  root  will  be 
found  to  be  emptied  of  their  contents  and  dead,  the  plaut  perishes. 

146.  Pennaiul  Roots  arc  those  of  plants  which  last  year  afler  year. 
In  shrubs  and  trees  the  roots  themselves  hve  and  grow  indeftnitely ; 
but  in  perennial  herbs  the  same  roots  seldom  survive  mora  than  a 
year  or  two,  and  a  new  set  b  formed  annually.  Here,  also>  a  ^\an 
of  nourishment  for  the  vigorous  commencement  of  the  succeeding 
year's  growth  is  not  unfrcquently  deposited  in  the  root.  The  Sweet 
Potato,  the  Peony,  and  tbe  Dahlia  (Fig.  130),  fumii^h  good  illusti^ 
tionfl  of  the  kind.  These  roots  are  generally /ascicfed  or  cluttend; 
that  is,  they  consist  of  a  cluster  of  roots  from  the  base  of  the  stem. 

nO.US.    yadlMmt0M«rehaBadlib,*l(h)ODiafi>U*ii. 
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WTula  come  of  these  remain  slender  and  eervo  merely  for  absorption, 
oUuv<,  thickened  by  tliis  depa=it,  may  become  itiherous  (as  in  Fig. 
139) ;  and  budu,  formed  on  the  stem 
jdrt  kboT«,  draw  upon  ibi*  slore  when 
Ihey  rturt  into  growth  in  the  spring. 
TTu^c  partJeiiliir  rooU  perish  when 
I  of  Ihdr  store;  hut  new 
i  have  meanwhile  lieen 
Ifanned  in  some  of  the  roots  of  the 
•eMOO,  which  serve  the  same  purpose 
ibe  following  spring ;  nnd  so  the  plunt 
nrrhTf,  year  after  year. 

147.  Some  less  ordinary  modifien- 
ciais  of  roots  remain  lo  be  noticed. 
Il  Ims  already  been  stated  that  ihey 
m»y  (limig  (aa  secondary  roots,  142) 
(ram  any  part  of  the  stem,  although 
tb*T  commonly  do  so  only  when  this  '" 

rcMs  on  or  ia  covered  by  the  soil,  which  afit)rtb  the  darkneita  and 
tBdfton  eoDBrnittl  lo  them.  Some  stems,  however,  strike  root  freely 
b  tbe  open  air,  forming 

US.  iflilllooU.  The  Ivy  of  Europe,  our  own  Poison  Ivy  (Bhns 
Toadoodnxlron),  and  the  Trumpet  Crcpper  chmb  by  such  roots,  in 
the  farm  of  small  rootlets,  whieh  nlladi  themselves  lo  the  bark  of 
tPMS,  &«.  These  serve  merely  tor  mcehanical  support.  Other 
l^uda  province  larger  aerial  roots,  whieh,  emitled  from  the  stem  in 
Ihe  open  a!r,  descend  to  ttie  ground  and  establish  themselves  in  the 
nL  This  may  be  observed,  on  a  small  scale,  in  the  stems  of  In- 
fin  Corn,  where  the  lower  joints  often  produce  roots  which  grow 
tt  the  knglh  of  sevcm!  inches  before  they  reach  Ihe  ground.  More 
mwrfcable  coses  of  the  kind  uluund  in  those  tropical  regions  where 
#W  ndu^  ^r,  saturated  with  moisture  for  a  loi^  part  of  Ihe  year, 
fcrcn  tbo  utmost  luxuriance  of  vegetation.  The  I'andanus  or 
Soww-Pine  (n  Palm-Jike  tree,  often  cultivated  in  our  coa'ierva- 
Inrir*)  nflbnlt  a  well-known  inslunee.  Ilerc  (Fig.  140)  strong  roots, 
Mittcrl  in  tlic  open  air  from  the  lower  part  of  the  trunk,  and  soon 
NBeUa^  tbo  boiI,  give  the  tree  the  appeanincc  of  Irnving  been  par- 
Ally  rmi:>nl  out  of  the  ground.  The  famous  Banyan-tree  of  lodift 
(F^  142)  affords  a  still  more  striking  iUuslration.     la  tliis  the 

no.  us.    PuicIcJ  lutmcoi  notj  of  llw  Dthlk. 


ocrinl  rootlets  etrike  from  the  tiorizonlal  tranches  of  tUo  lr«e,  often 
at  a  great  height,  at  first  swinging  free  in  ihe  air,  but  ftnall/  reach- 
ing and  I'dtublishing 
thcmsdrca  in  ibe 
gronm],  wliere  thej 
increase  in  diame- 
ter and  form  acces- 
sory trunks,  sur- 
rounding tlie  origi- 
nnl  boll  and  sup- 
porting tlio  wiile- 
spread  canopy  of 
branches  and  foli- 
age. Very  Gimilar 
IB  the  economy  of 
the  Mangrove  (Fig; 
HI),  which  forms 
impenetrablo  thick- 
els  on  low  nnil  mud- 
dy sea-shores  in  iho 
tropics,  and  even 
occurs  on  the  coast 
of  Florida  and  Lou- 
Here  aerial  roots  spring  not  only  from  the  main  trunk,  as 
1  the  Fuudanus,  but  also  from  the  bnmchleU,  oa  in  the  Banyan. 
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UorMVcr,  thw  Ipjidency  to  slioot  in  the  air  19  shown  evpti  in  the 
emtnyo,  whidi  be^ii.i  to  germinate  while  the  fruit  b  yet  titlncljcd  lo 
tbo  p&rent  branch,  often  clongaiing  iia  radicle  to  ibe  length  of  a  fool 
or  more  before  the  fruit  falls  to  the  ground. 

149.  EpiphfttS,  or  lirPIantS,  cxliibit  a.  furlLer  peculiariiy.  Their 
roota  not  only  strike  in  the  npi-n  air,  but  throughout  their  lifu  have 
BO  conueclion  wiih  the  §oil.  These  generally  grow  upon  the  trunks 
aod  braaciics  of  trees ;  llicir  roots  merely  adhering  to  tlie  bark  lo 
fix  iho  plant  in  its  position,  or  else  hanging  loose  in  the  air,  from 
iriiich  Eocb  planis  4raw  all  ibeir  noari^hment.  Of  this  kind  are  a 
luigs  portiiui  of  llie  gorgeous  Orchidaceous  jihuita  of  very  warm  and 
bumid  diiDCji,  which  ore  eo  much  prized  iu  hut-houses,  and  which, 
in  their  flowers  as  well  as  their  genei'al  aspeel,  exhibit  sueh  fantastic 
md  infinitely  %'aricd  formj.    Some  of  the  £owera  resemble  buiier- 


fict,  or  fitrango  insertj:,  in  ehnpc  as  well  as  in  gaudy  coloring ; 
Mtl,  (iir  example,  fis  tho  Oncidium  Fapilio  (Fig.  143).     To  another 
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family  of  Epiphytic  plants  belongs  the  Tillandsia,  or  Long  IbM^ 
which,  pimdent  in  long  and  gray  tangled  dusters  or  festoons  frcm 
the  branches  of  the  Live-Oak  or  Ixnig-leaved  Fine,  gives  sudi  i 
peculiar  and  soinbre  aspect  to  the  forests  of  the  warmer  portiani 
of  our  Southern  States.  They  are  called  Air-plants,  in  allusion  to 
the  source  of  their  nourishment;  and  Epiphytes,  from  their  grow-' 
ing  upon  other  plants,  and  in  contradistinction  to 

130.  PBTaiitelf  that  not  only  grow  upon  other  vegetables,  bnt  live 
at  their  expense ;  which  Epiphytes  do  not.  Paratitie  jdanis  may 
be  divided  into  two  sorts,  riz.: — 1st,  those  th^  have  green  foliage; 
and  2d,  those  tluit  are  destitute  of  green  foliage.  They  may  vary 
also  in  llis  degree  of  parasitism ;  some  being  absolutely  dependott 
upon  the  foslcr  plant  for  nourishment,  while  others,  such  as  the 
Cursed  Fig  (Gusia  rosea)  of  Tropical  America,  often  take  root  in 
the  soil,  and  thence  derive  a  part  of  their  support.  The  latter  oc- 
curs only  in 

151.  Green  Paragites,  or  those  furnished  with  green  foliage,  or 
proper  digestive  organs  of  their  own.     These   strike  their  roots 


through  the  bark  and  directly  into  the  new  wood  of  the  foet«r 
plant;  whence  they  draw  the  ascending,  mostly  crude  sap,  which 
they  have  to  assimilate  in 
their  own  green  leaves. 
The  Mistletoe  is  the  roost 
familiar  example  of  tbis 
class.  It  is  always  com- 
pletely  parasitic,  being  at  no 
period  connected  with  the 
earth ;  but  the  seed  germinates  upon  the  trunk  or  branch  of  the 
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I  II  happens  to  fall,  and  its  nascent  root,  or  rnlher  the 
(  that  it  produces  in  place  of  the  root,  pcnolmtes  the 

^"of  the  foster  Blein,  and  fomia  as  close  a  jonclion  wiih  ila  young 
•gid  as  (lint  of  a  natural  bmnrh.  Tlie  Cursed  Fig,  commonly  be- 
pBiiing  as  a  pArasitc,  sends  down  aeriid  roots,  some  of  which  strike 
into  the  wood  of  the  foster  tree  bwer  down,  while  others  descend 
to  the  gnmnd  and  draw  from  it  a  portion  of  their  sustenance  in  the 
er.  Some  common  herbnceoua  plants,  lutherto  not 
d  of  sucli  liabits.  have  recently  heen  fonnd  to  fix  themaelvea 
dsndeslincly,  under  ground,  hy  means  of  some  of  their  rootlets,  to 
the  roots  of  neighboring  plants,  and  furtively  drnw  from  Ihcm  n 
{Mttiaa  of  their  sustenance.  Tfiis  is  the  case  with  our  Comnndra, 
M  welt  ftJ  with  the  Thcsiums  of  the  Old  "World,  nnd  also  with  our 
GeranUaa  and  many  other  plants  of  that  family,  which  have  long 
beint  known  as  uncullivable,  although  the  cause  of  their  being  so 
bM  only  lately  been  detected.  It  would  appear  that  tliis  partial 
f  rai^liwffi  ia  neceitsary  (o  their  existence.  Gcrardia  appears  to  im- 
^rat  tta  rootlets  upon  the  bark  of  the  roots  of  neighboring  shrubs, 
and  therefoTQ  to  steal  elaborated  sap  (Fig.  145,  I4C). 

152.  Pali  or  Colartd  Parasitet,  Buch  as  Beech-Drops,  Pinc-Snp, 
Ac,  are  those  which  are  destitute  of 
grv«n  herbage,  and  are  usually  of  a 
while,  tawny,  or  reddish  line ;  in  fact, 
of  any  color  except  green.  Tliese 
■Irifce  iheir  roots,  or  sucker-shaped 
£ia,  into  the  bark,  mostly  that  of 
tlie  root,  of  oilier  plants,  nnd  thence 
dfaw  their  food  from  the  sap  already 
etahurated.  Tliey  have  acconlingly 
on  occasion  for  di^stive  organs  of 
tbdr  own.  t.  c  for  green  foliage. 
The  Dodder  (Fig.  117)  is  a  common 
plant  of  this  kind  whicli  is  parasitic 
■fene  ground.  Its  seeds  germinate 
ia  lli0  earth ;  but  when  the  sh^mler 
htUne  stem  reaches  tlio  s 
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herbage,  it  forms  suckers,  vhich  atUch  tfienueFFea  fiimlj  to  Ae 
Burfucc  of  the  supporting  plant,  penetrate  its  efudermu,  and  feed 
upon  its  juices  ;  while  the  originnl  root  and  base  of  tlie  stem  peridi, 
and  the  plant  has  no  longer  any  connectkn  with  the  boU.  Tbm 
stealing  its  nourishment  reRdy  prepared,  it  requires  no  proper  dige^ 
tivc  organs  of  its  own,  and,  consequently,  does  not  produce  leases. 
Tliis  economy  is  foreshadowed  in  the  embryo  of  the  Dodder,  which 
is  a  naked  thread  epiraJly  coiled  in  the  seed  (Fig.  148,  149),  and 
presenting  no  vestige  of  colylcdons  or  seed-leaycs.  A  species  of  Dod- 
der infests  and  greally  injures  flax  in  Europe,  and  somelimes  makes 
its  appearance  in  our  own  flax-fields,  having  been  introduced  with 
the  imported  seed.  Sueh  parasites  do  not  live  upon  all  plants  in- 
discriminntely,  but  only  upon  those  whose  elaborate  juices  fiimisht 
propitious  nourishment.  Some  of  them  are  restricted,  or  nearly  so, 
to  a  particular  species  ;  others  show  little  preference,  or  are  found 
indifferently  upon  several  species  of  different  families.  Their  seeds, 
in  some  cases,  it  is  said,  will  germinate  only  when  in  contact  with 
the  stem  or  root  of  the  species  upon  which  they  are  destined  to  Uve. 
Having  no  need  of  herbage,  Eueh  plants  may  be  reduced  to  a  stalk 
bearing  a  single  flower  (Fig.  965)  or  a  cluster  of  flowers  (Fig.  968), 
or  even  to  a  single  blossom  developed  from  a  bod  directly  para^tie 
on  the  bark  of  the  foster  plant.  Of  this  kind  are  the  several  species 
of  Filostylcs  (parasitic  flowers  on  the  shoots  of  Leguminous  phmts) 
in  Tropical  America,  one  species  of  which  was  recently  discovered 
by  Mr,  Tliurbcr  near  the  southern  borders  of  New  Slexico.  Here 
the  flowers  arc  small,  only  about  a  quarter  of  an  inch  in  diameter. 
Tlie  most  wonderful  plant  of  this  kind  is  that  vegetable  Titan,  the 
BafHesia  Arnold!  of  Sumatra  (Fig.  150),  which  grows  upon  the 
Stem  of  a  kind  of  Grape-nne.     It  is  a  parasitic  flower,  i 
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ibe  feel  in  drcnmfcrcnc^,  an']  weighing  fi^een  pounds  I    Its  color 
jali^t  orange,  matllecl  with  yellow ish'W hi te. 

133.  .Among  Cryplognmoua  planlii,  numi'rous  Fungi  tiro  parasitic 
npgo  Kring,  especially  upon  languishing  vegetables ;  othere  infest 
Gring  unimals ;  the  rest  feed  on  dead  or  decaying  vegetable  or 
ininul  matters :  all  are  destitute  of  chlorophyll  or  anything  like 
pecn  liprbuge.  It  is  probable  thai  our  Slonotropa,  or  Indian  Pipe, 
■  pallid  Ph>'nogainou3  plant,  looking  like  a  Fungus,  acluully  Uvea 
I  liheMWi  anil  dmws  its  nourishment,  at  lemt  in  great  part,  Ironi  Ike 
■^^■fag  leuves  among  wluch  it  grows. 

^^^H    Its  Gt 

154.  The  Steu  is  the  ascending  axis,  or  tJiat  portion  of  tlie  trunk 
«Uch  in  the  embryo  grows  in  an  oppoaiie  direction  from  the  root, 
■Mkia);  liie  light,  and  exposing  itself  as  much  as  possiblo  to  the  air. 
AQ  Phicnc^amous  plants  (114)  possess  stems.  In  those  which  aro 
Mud  to  hn  acaaletceat,  or  stemkss,  It  'u  either  very  nhort,  or  concealed 
WaeHh  the  ground.  Although  the  stem  always  takes  an  ascending 
at  the  commencement  of  its  growth,  it  docs  not  uniformly 
1  bat  sometimes  trails  along  tlie  Burface  of  the  ground,  or 
beneath  it,  sending  up  branches,  flower-efalks,  or  leaves 
inlo  tbo  air.  The  common  idea,  that  all  the  subterranean  portion 
ot  a  plant  belongs  to  the  root,  is  by  no  means  correct. 

155.  The  root  gives  birth  to  no  other  organs,  but  itself  <hrectly 
perionns  those  functions  which  pertain  to  the  relations  of  the  vege- 
table iriih  the  soil ;  —  its  branches  bind  the  plant  to  the  earth ;  lis 
only  rnrm<'4  extremities  or  rootlets  imbibe  nourishment  from  it. 
But  the  aerial  fuaclions  of  vegetation  are  chiefly  carried  on,  not  so 
BBch  by  the  stem  itself  as  by  n  distinct  set  of  organs  which  it  bears, 
iMincly,  the  leaves.     Hence,  the  production  of  Iciives  is  one  of  the 
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characteristics  of  the  stem.    These  are  produced  only  at  certam 
'  definite  and  symmetrically  arranged  points,  called 

15G.  NodfS)  literally  knotSy  so  named  because  the  tissaes  are  here 
more  or  less  condensed,  interlaced,  or  interrupted,  as  is  conspicooitt* 
ly  seen  in  the  Bamboo,  in  a  stalk  of  Indian  Com,  or  of  any  other 
Grass.  Here  each  node  forms  a  complete  ring,  because  the  kaf 
arises  from  the  whole  circumference  of  the  stem  at  that  place. 
When  the  base  of  the  leaf  or  leafstalk  occupies  only  a  part  of  the 
circumference,  the  nodes  are  not  so  distinctly  marked,  except  by 
the  leaves  they  bear,  or  by  the  scars  left  by  their  fall  (Fig.  151,  &c) 
They  are  often  called  joints,  and  sometimes,  indeed,  tlie  stem  is 
actually  jointed^  or  articulated^  at  tliese  points  ;  but  commonly  there 
is  no  tendency  to  separate  there.  Each  node  bears  either  a  single 
leaf  (as  in  Fig.  Ill,  121,  &c.),  or  two  leaves  placed  on  opposite 
sides  of  the  stem  (as  in  Fig.  107),  or  else  three  or  more,  placed  in 
a  ring  (in  botanical  language,  a  whorl  or  verticil)  around  the  stem. 
The  naked  portions  or  spaces  that  intervene  between  the  nodes  are 
termed 

157.  Internodes.  The  undeveloped  stem  is,  in  fact,  made  up  of  a 
certain  number  of  tliese  leaf-bearing  points,  separated  by  short  in- 
tervals ;  and  its  growth  consists,  primarily,  in  the  successive  elonga- 
tion of  these  internodes  so  as  to  separate  the  nodes  more  or  less,  and 
allow  the  leaves  to  expand. 

158.  This  brings  to  view  the  leading  peculiarity  of  the  stem; 
namely,  that  it  is  formed  of  a  succession  of  similar  parts,  developed 
one  upon  the  summit  of  another,  each  with  its  own  independent 
growth.  Each  developing  intemode,  moreover,  lengthens  throu^ 
out  its  whole  body,  unlike  the  root,  which  elongates  continuously 
from  its  extremity  alone  (121).  To  have  a  good  idea  of  this,  we 
have  only  to  observe  the  gradual  evolution  of  a  germinating  plants 
where  each  intemode  develops  nearly  to  its  full  length,  and  ex- 
pands the  leaf  or  pair  of  leaves  it  bears,  before  the  elongation  of 
the  succeeding  one  commences.  As  already  described  (120,  &c)y 
the  radicle,  or  intemode  which  pre-exists  in  the  embryo,  elongates, 
and  raises  the  seed-leaves  into  the  air ;  they  expand  and  elaborate 
the  material  for  the  next  joint,  the  leaves  of  which  in  turn  prepare 
the  material  for  the  third,  and  so  on.  The  intemode  lengthens 
principally  by  the  elongation  of  its  already  formed  cells,  particularly 
in  its  lower  part,  which  continues  to  grow  after  the  upper  portion 
has  finished. 


(   BTBCCTCRE   t 


Badl>  The  apex  of  tLe  Bfein,  accordingly,  ia  always  crowned 
wilh  an  iinile4-elo[>td  portion,  witli  ni(!jmentary  parts  eimilar  to 
Uium:  alreudy  unfolded,  that  is,  with  a  Bud.  The  embryo  itself 
d  as  on  intemodo  (ihe  radicle)  bi?nring  the  fuudumentul 
Ktbe  plumule)  on  its  apex,  from  which  the  whole  pknL  is  de- 
,  just  as  an  ordinary  bud  of  a  Iree  or  ehrub  develops  to 
i  Um)  px>w<h  of  lb<!  Bcaaon.  Except  that,  in  the  bitter  case,  the 
t  sleps  follow  each  oilier  more  closely ;  for  tlie  bud  usually 
hM  a  considerable  number  of  parts  ready  formed  in  miniature  before 
o  grow,  and  has  a  full  store  of  assimilated  sap  accumulated 
!  {wrent  etem  to  feed  upon.  This  is  no  less  the  case  in  many 
[  embryos  highly  developed  in  the  seed,  and  supplied  wilh 
il  nouiisluneni,  either  in 
the  cotyledons,  as  in  the  Pea 
{Fig.  119)  and  Oak  (Fig.  120), 
or  in  the  albumen,  as  in  Indian 
Com  (Fig.  136-130).  The 
sUong  Imds  which  in  many 
thmbs  and  trees  crown  the 
nrx  of  K  stem  when  it  has  ' 
eompldcd  its  growtli  for  the  ( 
■aeon,  oAcn  exhibit  the  whole 
plm  rad  amount  of  the  next 
jtm^*  growlli ;  the  nodes,  and 
emi  the  leaves  they  bear,  being 
■ImHij  formal,  and  only  re- 
ipilring  Ibo  elongation  of  the 
faitentodeB  for  their  full  ex- 
jMBEwn.  Tills  is  rudely  shown 
ki  tlK  annexe<t  dia^ams,  Fig. 
ISI,  152.  As  the  bud  (Fig.  • 
15$)  is  well  supplied  with 
tMorbbment  in  spring  by  the  '"  ""  '" 

which  it  resL",  its  axis  elongates  rapidly ;  and  although  the 
It  coDunenccs  with  tlie  lowest  internode,  yet  the  second,  tliird. 
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and  fourth  inlemodcs,  Sx.  hare  begun  to  lengthen  long  before  the 
Jiret  luu  attained  its  full  growth.     The  stem  thus  continued  from 
a  terminal  bud  is,  if  it  survive,  agnin  terminated  with  a  similar  bud 
IK  M       i^t  ^*^  *^o^  of  ^^  seasofi,  which  in  iU 

development  repeats  the  same  pn>ceg& 
A  set  of  nniTow  rings  on  the  baifc 
(Fig.  153,  a)  commonly  mark  the  limit 
of  each  year's  growth.  These  are  the 
Bears  left  by  the  fall  of  the  scales  of 
the  bud ;  and  these,  in  the  Horsechest- 
nui,  nnd  other  trees  with  large  scaly 
buds,  may  be  traced  back  on  the  stem 
for  a  scries  of  years,  growing  fainter 
with  age,  until  they  are  at  length  ob- 
literated by  the  action  of  the  weather 
and  the  distenlion  caused  by  the  in- 
crease of  the  stem  in  diameter.  The 
same  is  the  case  with  the  more  coo- 
Bpieuoua  leaf-scan,  or  marks  on  the 
bark  left  by  the  separation  of  the  leaf- 
stalk, which  ore  for  a  long  time  coo- 
Bpicuous  on  the  shoots  of  the  Horse- 
chestnut  (Fig.  153,  h)  and  the  Mog- 
nolia  (Fig.  155). 

IGO.  A  bud,  therefore,  is  nothing 
more  than  the  first  stage  in  the  de- 
velopment of  a  stem,  with  the  axis  still 
so  short  that  the  rudimcntaiy  leaves 
within  successively  cover  each  other, 
while  the  whole  is  covered  and  pro- 
tected by  the  scales  without.  Suds 
vary  greatly,  liowcver,  in  size,  ap- 
pearance, and  degree  of  development. 
Tliose  of  niimy  shrubs  and  trees  are 
minute,  and  hidden  by  the  bark  until 
their  vernal  growth  comraencea,  as  tn 


no.  U6.  Bnneh  oT  UtciiolU  nmbnIU,  d[  Ui 
bnd ;  ind  Mm  uhlblUng  tbe  Urge,  roundcil  Inf 
ittl  by  tb«  &1I  of  tha  bna-ualci  cf  ILw  prcTioiu  k 
budi  lutUclu»l>ilaIiUiabuoDf  (iMfiUlkj 
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mj^pww.  Locust,  TToney-Locust  (Fig.  1G4),  &c.:  in  tliese  buda  ibo 

I^H^  arc   few   lujd  very  rudimentary,  and    are    mostly  formed 

^^Bejr  develop.      In  same,  ihey  arc  nal-ed,  that  is,  are  entirely 

^Bltliitc  of  protecting  scales,  and  exliibit  tiic  forming  leaves  directly 

txiKNwd  to  the  air,  just  as  they  are  in  herbs.     This  occurs  in  many 

tropica]  trees,  but  not  In  all,  and  in  some  shrubs  of  cold  climatea, 

^H^Sa  our  ViLuniiun  nudum  and  V.  lanlunoidca.     But  the  greater 

^^■Aar  of  plnntd  nhieh  have  a  winter  to  endure  are  provided  with 

^^BliK&.     Tliose  of  Bceob  and  Hickory,  as  well  as  of  Ilorsechest- 

^Hvxi  Magnolia  already  referred  to,  are  conspicuous  and  well- 

icTciopeii  examples,     Tlie  scales  sei-ve  to  protect  the  tender  parts 

within  ngainst  injury  from  moislurc  and  from  sudden  changes  tn 

tcmpmiure  during  the  dormant  slate.     To  ward  off  moisture  more 

ffiWlUDlly,  tlicy  are  sometimes  coaled  with  a  waxy,  resinoua,  or 

Ittlsiunic  exudation,  as  is  conspicuous  on  the  sc.ilus  of  the  Horse- 

dltr«nut,  Babam-Poplnr  or  Balm  of  Gilcad,  and  Bulsam-Fir.     To 

guard  against  sudden  changes  of  temperature,  they  are  often  lined, 

or   th«    rudimentary  leaves  within   invested   with    non-conducting 

io^m  or  wooL 

IGl.  Th«  bud-scald  themselves  aro  leaves  in  a  mo'lificd  state, 
TWa  18  evident  from  their  situation  and  arrangement,  which  are 
tlMi  Mine  ns  of  the  proper  leaves  of  llic  species,  and  by  tlio  gradual 
Inoailioiu  from  the  former  to  the  latter  in  many  plants.  In  tlio 
IHPMMU,  or  subtcmuienn  budding  shoots  of  numerous  perennial 
brtbf,  and  in  the  unfolding  buds  of  the  Lilac  and  Sweet  Buckeye 
(£9culus  parviflora),  every  gradation  may  be  traced  between  bud- 
anlvs  and  foliage,  showing  that  no  absolute  line  can  bo  drawn  bc- 
twem  them,  but  that  the  two  are  cssenli.illy  of  the  same  nature,  i.  c. 
an  diRercDt  moditicalions  of  the  5ame  organ. 

IC2.  flan  of  TrgftHliOD.  In  fact,  a  simple  stem  bears  notliing  but 
IcatM  in  some  form  or  other,  and  its  branches  are  only  repetitions 
of  iiM^lf,  Ibllowing  the  same  laws.  The  embryo  consists  of  a  pri- 
mary joint  of  stem  crowned  with  a  bud,  tlie  first  leaves  or  leaf  of 
wUeh  takes  the  special  form  of  eotyhdoiis ;  the  following  ones  de- 
n-lnp  OS  oj^inary  foliage,  and'leaf  alter  leaf,  or  pair  after  pair,  is 
bnaod  and  elevated  upon  the  successive  intemodes  as  tlie  stem  is 
tab  up.  At  Ibe  close  of  the  growing  seoi^on,  if  the  stem  is  to 
ohtrr,  this  is  terminalcd,  as  it  begim,  by  a  bud ;  and  the  bud-scales, 
if  my,  are  leaves  developed  in  ttiis  peculiar  form,  subservient  to 
I  alcmo,  and  borne  upon  nodes  which  are  never  separated 
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by  elongation  of  the  internodes.  With  the  ensuing  spring  growth 
recommence*^,  and  another  set  of  internodes,  and  of  nodes  bearing 
ordinary  leaves,  form  the  second  year's  growth,  like  the  first ;  and 
so,  by  annual  increments,  a  simple  leafy  stem  is  developed  and 
carried  up.  Not  only  is  the  whole  stem  growing  from  year  to  year 
thus  composed  of  a  succession  of  similar  growths,  each  the  offspring 

of  the  preceding  and  the  parent  of  the  next, 
but  also  each  annual  growth  itself  consists  of  a 
lineal  succession  of  similar  parts,  viz.  of  leaf- 
bearing  joints  of  stem,  developed  each  upon  its 
predecessor,  and  in  turn  surmounted  by  the 
next  in  the  series.  These  similar  parts^  which 
by  their  repetition  make  up  the  Phienogamous 
plant,  have  been  termed 

163.  Phjions  (from  the  Greek  ^imJv,  plant), 
or  plant-elements.  The  first  pliyton  is  the 
radicle  of  the  embiyo,  with  its  cotyledon  or 
pair  of  cotyledons,  from  its  base  developing  the 
root,  from  above  expanding  its  leaf  or  pair  of 
leaves  (as  already  described  in  detail,  119- 
122),  and  then  giving  birth  to  the  next  phyton, 
or  joint  of  stem  and  leaf,  and  so  on,  in  lineal 
succession.  So  that  the  whole  herb,  shrub^  or 
tree,  as  to  its  upward  growth,  is  a  multiplica- 
tion of  the  simple  plantlet  it  began  with  as  it 
developed  from  the  seed.  Moreover,  any  joint 
of  stem,  when  favorably  situated  for  the  pur- 
pose, may  produce  secondary  roots  (142),  and 
thus  complete  the  vegetable  individuality,  hav- 
ing all  the  organs  of  vegetation  (116). 

164.  The  repetition  of  these  similar  parts  in 
^^  the  direct  line,  each  from  the  summit  of  its  pre- 
decessor, builds  up  a  simple  or  main  stem,  to  which  many  plants  are 
restricted  during  the  first  year's  growth,  and  some,  such  as  Palms 
and  Reeds,  throughout  their  whole  existence.  Their  production 
from  new  starting-points  gives  rise  to  branches. 


FIO.  157.    Diagram  of  a  simple-fltemmed  plant,  Uke  a  Grass,  and  of  the  similar  parti,  or 
phjtons,  atogyOt  which  it  is  composed. 


BAHIFICATION. 


Sect.  II.     Ramification. 


165.  BmcbM  spring  from  lateral  or.  axillary  fmJs.  These  are 
new  gtowit^  poinU,  whicli  habitually  appear,  or  at  least  may  Bp- 
[KW,  one  (or  oocasionaUy  iwo  or  three)  in  the  <txil  of  each  lenf,  — 
1^  Is,  ui  l\w  upper  angle  vliioh  the  leaf  forms  vitli  the  etem.  (See 
Y^  153,  e,  whi'n!  llie  point  at  which  the  fallen  leavea  were  attached 
if  Burici^d  by  the  broad  scar,  6,  just  below  the  bud.)  When  these 
bnds  grow,  they  give  rise  to  Brascues  ;  which  are  repetiUons,  as  it 
DCK,  of  the  main  olem,  growing;  just  as  that  did  from  the  seed ;  ex- 

mcrely,  tlint,  while  that  was  ijaplanted  in  the  ground,  these 
from  the  parent  stem.  The  branches  are  in  turn  provided 
buds  in  iJie  axils  of  their  leaves^  capable  of  developing 
lehes  of  ft  third  order,  and  no  on  indefinitely,  producing  the 
ramification  of  the  plant.  The  ultimate  ramifications  arc 
Brakciilets. 

166.  Tlie  arrangement  of  axillary  buds  depends  upon  that  of  the 
!(««««•  When  llie  leayea  are  opposite  (that  is,  two  on  each  node, 
plMcd  on  opposite  «idi^s  of  the  Btem),  the  buds  in  their  axils  are 
Maseqnenily  ojtpofile;  as  in  the  Maple,  Horscchestnut  (Fig.  153), 
lilac  (Fig.  134),  Jte.  Wlien  the  leaves  are  altemaU,  or  one  upon 
ttA  nodr.  Its  in  the  Apple,  Poplar,  Oak,  Magnolia  (Fig.  155),  &c., 
the  budi  implicitly  follow  the  same  arrangement.  Bi-anehea,  there- 
tec,  b^g  developed  axillary  budx,  their  arrangement  follows  that 
if  Uw  Ivarcs.  When  tlie  leavea  are  altemiite,  the  branches  will  he 
ikOTMU;  when  the  leaves  are  op|>osite,  and  the  Inidg  dtvehp  re^- 
yHjf,  tlte  branches  will  b<i  opposite.  But  the  perfect  symmetry  of 
Al  nmificsilon,  ihn-i  provided  for,  is  frequently  obscured  by  the 

117.  Koa-deTrlupmrnt  of  lomt  o(  the  Bads.  As  the  original  hud  of 
Ae  onbryo  reramns  for  a  timo  Intent  in  the  seed,  growing  only 
*bni  m  conjimdioD  of  favorablo  circumstances  colls  in  life  into 
wdga,  eo  aUo  many  of  the  buds  of  a  elirub  or  tree  may  remain 
klmt  for  a  long  time,  and  many  of  them  fail  to  grow  at  all.  In  our 
IRh,  mo^t  of  the  lateral  buds  generally  remain  dormant  for  the  first 
Nuoa:  they  appear  in  the  axib  of  the  leavea  early  in  sonuncr,  but 
AttM  grov  inln  branches  until  the  following  s}>ring;  and  even  then 
wly  ■  port  of  ihcm  usually  grow.  Sometimes  the  failure  occurs 
•idwoi  appri-ciuhle  ordi-r;  but  it  often  follows  a  nearly  uniform 
nk  is  each  species.    Thus,  when  the  leaves  are  opposite,  there  are 
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usually  three  buds  at  the  apex  of  a  branch ;  namely,  the  termina], 
and  one  in  the  axil  of  each  leaf;  but  it  seldom  happens  that  all 
three  develop  at  the  same  time.  Sometimes  the  terminal  bud  con- 
tinues the  branch,  the  two  lateral  generally  remaining  latent,  as  in 
the  Horsechestnut  (Fig.  153);  sometimes  the  terminal  one  regu- 
larly fails,  and  the  lateral  ones  grow,  when  the  stem  annually  be- 
comes two-forked,  as  in  the  Lilac  (Fig.  154).  The  undeveloped 
buds  do  not  necessarily  perish,  but  are  ready  to  be  called  into  actioa 
in  case  the  others  are  checked.  When  the  terminal  buds  are 
destroyed,  some  of  the  lateral,  that  would  else  remmn  dormant, 
develop  in  their  stead,  incited  by  the  abundance  of  nourishment, 
which  the  former  would  liave  monopolized.  In  this  manner  our 
trees  are  soon  reclothed  with  verdure,  after  their  tender  foliage  and 
branches  have  been  killed  by  a  late  vernal  frost,  or  other  injury. 
And  buds  wliich  have  remained  latent  for  several  years  occasionally 
shoot  forth  into  branches  from  the  sides  of  old  stems.  Such  brandir 
es,  however,  more  commonly  originate  from  irregular,  accidental,  or, 
as  they  are  named 

1G8.  AdTentitions  Bads.  It  has  been  already  remarked,  that  roots, 
although  naturally  destitute  of  buds,  do  yet  produce  them  in  certain 
plants,  especially  when  wounded  (139).  So  likewise  do  the  steins 
of  some  shrubs  and  trees,  especially  when  surcharged  with  sap,  as 
is  commonly  seen  in  Willows  and  Lombardy  Poplars.  Here  buds 
break  out  habitually  on  the  sides  of  trunks,  at  least  when  they  are 
wounded  or  pollarded,  or  spring  from  the  cut  surface  where  the  baA 
and  wood  join.  These  adventitious  buds  do  not  originate  from 
nodes,  nor  affect  any  order  in  their  appearance,  but  are  wholly 
casual  as  to  the  point  of  origin.  Thus  the  predestined  symmetry  of 
the  branches  is  obscured  or  interfered  with  in  two  distinct  ways; 
first,  by  the  failure  of  a  part  of  the  regular  buds  to  develop ;  and 
secondly,  by  the  irregular  and.,casual  development  of  buds  from 
other  parts  than  the  axils  of  the  leaves :  to  which  we  may  add,  that 
great  numbers  of  branches  perish  and  ft 01  away  after  they  have  be- 
gun to  grow.  There  is  still  another  source  of  irregularity,  namely, 
the  production  of 

169.  Accessory  Bads.  These  are,  as  it  were,  midtiplications  of  the 
regular  axillary  bud,  giving  rise  to  two,  three,  or  more  buds,  instead 
of  one ;  in  some  cases  situated  one  above  another,  in  others  side  by 
side.  In  tlie  latter  case,  which  occurs  occasionally  in  the  Hawthorn, 
in  certain  Willows,  in  the  Maples  (Fig.  158),  &c.,  the  axillary  bud 
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seems  to  divido  into  three,  or  itaelf  ^ve  rise  to  a  lateral  bud  on 

esc-h  side.     On  some  ehoota  of  the  Tartarean  Honeysuckle  (Fig. 

160)  from  three  to  six  buds  appear  in 

each  axil,  one  above  another,  the  lower 

being  successively  the  stronger  and  earlier 

produced,  and  the  one  immediately  in  the 

axil,  therefore,  grows  in  preference:  oc- 

casimudly  two  or  more  of  them  grow,  and 

mperposed  accessory  branches  result     It 

is  much  the  same  in  Arislolocbia  Sipho, 

except  that  the  uppermost  bud  is  there 

ctroDgest.     So  it  is  in  the  Butternut  (Fig. 

159),  where  the  true  axillary  bud  is  mi- 

nnte  and  usually  remains  latent,  while  the 

accessory  ones  are  considerably  remote, 

and  the  uppermost,  which  is  much  the 

ctrongest,   is  far  out  of  the  axil;    this 

osoally  develops,  and  gives   iLie   to  an 

txtra-taeillary  branch. 

170.  Eicnneil  and  DcliqiKietat  Sttmi. 

Sometimes  the  primary  axis  is  prolonged 

without    interruption,  by  the   continued 

nolution  of  a  terminal  bud,  even  through 

ihe  whole  life  of  a  tree  (unless  acciden- 

tiDy  destroyed),  forming    an  undivided         '"  '" 

Bain  trunk,  from  which  lateral  branches  proceed ;  as  in  most  Fir- 

tRes.  Such  a  tniok  is  said  to  be  excurrtnt.  In  other  cases  the 
miun  stem  is  arrested,  sooner  or 
later,  either  by  flowering,  by  the 
failure  of  the  terminal  bud,  or  by 
Jhe  more  vigorous  development 
of  some  of  the  lateral  buds ;  and 
thus  the  trunk  is  dissolved  into 
branches,  or  is  deliquetcenl,  as  in 
the  White  Ehn  and  in  most  of 
TTie  first  naturally  gives  rise  to  conical 


nr  deciduoos4eaved  ti 
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or  spire-shaped  trees;  the  second,  to  rounded  or  spreading  fimns. 
As  stems  extend  upward  and  evolve  new  branches,  those  near  the 
base,  being  overshadowed,  are  apt  to  perish,  and  thus  the  trunk  be- 
comes naked  below.  This  is  well  seen  in  the  excurrent  trunks  of 
Firs  and  Pines,  which,  when  grown  in  forest,  seem  to  have  been 
branchless  for  a  great  height*  But  the  knots  in  the  centre  of  the 
trunk  are  the  bases  of  branches,  which  have  long  since  perished, 
and  liave  been  covered  with  a  great  number  of  annual  layers  of 
wood,  forming  the  clear  stuff  of  the  trunk. 

171.  Definite  and  Indefinite  Annual  Growth  of  Branches.     In  the 

larger  number  of  our  trees  and  shrul>s,  especially  those  with  scalj 
buds,  the  whole  year's  growth  is  either  already  laid  down  rudi- 
mentally  in  the  bud  (159),  or  else  is  early  formed,  and  the  develop- 
ment is  completed  long  before  the  end  of  summer ;  when  the  shoot  is 
crowned  with  a  vigorous  terminal  bud,  as  in  the  Horsechestnut  (Fig. 
153)  and  Magnolia  (Fig.  155),  or  with  the  uppermost  axillary  buds, 
as  in  the  Lilac  (Fig.  154)  and  Elm.  Such  definite  shoots  do  not 
die  down  at  all  the  following  winter,  but  grow  on  directly,  the  next 
spring,  from  these  terminal  or  upper  buds,  which  are  generally  more 
vigorous  tlijui  those  lower  down.  In  other  cases,  on  the  contrary, 
the  branches  grow  onward  indefinitely  through  the  whole  sunmier, 
or  until  arrested  by  the  cold  of  autumn :  they  mature  no  buds  at  or 
near  their  summit ;  or  at  l(?ast  the  lower  and  older  axillary  buds 
are  more  vigorous,  and  alone  develop  into  bnuiches  the  next  spring ; 
the  later-formed  upper  portion  most  commonly  perishing  from  the 
apex  downward  for  a  certain  length  in  the  winter.  The  Rose  and 
Raspberry,  and  among  trees  the  Sumac  and  Honey  Locust,  are 
good  illustrations  of  tliis  sort ;  and  so  are  most  perennial  herbs, 
their  stems  dying  down  to  or  beneath  the  surface  of  the  ground, 
where  the  persistent  base  is  charged  with  vigorous  buds,  well  pro- 
tected by  the  ground,  for  the  next  year's  vegetation. 

172.  Propagation  from  Buds.  Buds,  being,  as  it  were,  new  indi- 
viduals springing  from  the  original  stem,  may  be  removed  and 
attached  to  other  parts  of  the  parent  trunk,  or  to  that  of  another 
individual  of  the  same,  or  even  of  a  different,  but  nearly  related 
species,  where  they  will  grow  equally  well.  This  is  directly  accom- 
plished in  the  operation  of  budding.  In  ingrafting^  the  bud  is 
transferred,  along  with  a  portion  of  the  shoot  on  whicli  it  grew. 
Moreover,  as  the  cut  end  of  such  shoots,  when  buried  in  moist  and 
warm  soil,  will  commonly,  imder  due  care,  send  out  adventitious 
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Mll^  ibey  may  be  made  to  grow  independently,  drawtag  their 
Donmhment  imineiliHiely  from  Ibc  soil,  instead  of  indireetly  through 
Ihc  pnrent  trunk,  lliia  is  done  in  the  propagotion  of  plnnO  by 
ottttiigs.  Tlie  great  iniporttince  of  these  horticullural  operations 
dcpenda  chiefly  on  tlie  well-known  fact,  that  buds  propagate  indi- 
wkbtot  pteuiiaridet,  which  are  commonly  lost  in  raising  plants  from 


Sect.  in.    Tbe  ^kds  of  Stem  akd  Brahcheb. 


173.  On  (he  bIzo  and  duration  of  the  stem  the  oldest  and  most 
«bno*»  dividon  of  plants  is  foanded,  nnmcly,  into  Herbs,  Slirube, 
nd  Trees. 

174.  bfbl  arc  plants  in  which  tlie  stem  does  not  become  woody 
OrI  perasteni,  but  dies  annually  or  atler  llowering,  down  to  the 
ptmnd  at  least  The  difibrcnee  between  annual,  bienninl,  and 
fntmnttd  herbs  has  already  been  pointed  out  (H4-14C).  The 
mne  epccies  is  so  otien  cilher  annual  or  biennial,  according  to  eir- 

1  or  the  mode  of  nuuiagcmenl,  thut  it  is  ninvenient  to 
DC  for  pinnts  that  flower  and  fmit  but  once,  at 
whatever  period,  and  then  perish:  such  Do  CondoUe  accordingly 
dai^aiued  as  AfoNOCARnc  plants;  wliile  to  perennials,  whether 
itrloMOHc  or  vrooJy,  large  or  small,  ho  applied  tlie  counterpart 
nme  of  Folvcaspic  phmls,  signifying  that  they  bear  fruit  an 
indefiiiile  number  of  limes. 

175.  UBdcnhrabt,  or  suffnUicoit  plants,  arc  woody  plantii  of  hum- 
Ut  lUtare,  their  stems  rising  Utile  above  the  surface.  If  less 
irnUn&j  woody,  they  ore  termed  n^ffhiTetcent. 

176.  SknillS  are  woody  plants,  with  stems  hronched  from  or  near 
tba  ground,  and  less  than  five  times  the  height  of  a  man.  Between 
dnt»  and  trees  there  is  every  intermediate  gradation.  A  shrub 
vUdi  Bpfnoaches  a  tree  in  size,  or  imiialea  it  in  aspect,  is  said  to 


177.  TittS  ore  wooily  plants  with  single  tmnks,  which  attain  at 
Ihi  Kvc  Itme^  the  human  stature. 

178.  A  CbUd  is  a  name  applied  to  the  peculiar  jointed  stem  of 
ftlMe*  and  Sedges,  whether  herbaceous,  as  in  most  Grasses,  or 
Hsdf  or  iu4ioreM«n(.  as  in  the  Boiuboo. 

179.  i  fandtX  is  a  nume  usually  applied  to  a  Palm-stem  (Fig. 
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184),  lo  that  of  a  Tree  Fern  (Fig.  100),  and  to  any  persistent, 
erect  or  ascending,  root-like  forms  of  main  stems. 

180.  Those  stems  which  are  too  weak  to  stand  upright,  but  re- 
cline on  the  ground,  rising,  however,  towards  the  extremity,  are 
said  to  be  decumbent:  if  they  rise  obliquely  from  near  the  base, 
they  are  said  to  be  ascending.  When  they  trail  fiat  on  the  ground, 
they  are  procumbe7it,  prostrate^  or  runnmg  ;  and  when  such  stems 
strike  root  from  their  lower  surface,  as  they  are  apt  to  do,  they  are 
said  to  be  creeping^  or  repent  They  are  climbing  when  they  cling 
to  neighboring  objects  for  support;  whether  by  tendrils,  as  the 
Vine  and  Passion-flower,  by  their  leafstalks,  as  the  Virgin's  Bower 
(Clematis),  or  by  aerial  rootlets,  as  the  Poison  Oak  (Rhus) ;  and 
twining,  or  voluble  plants,  when  they  rise,  like  the  Convolvulus,  by 
coiling  spirally  around  stems  or  other  bodies  within  their  reach. 
Other  modifications  of  the  stem  or  branches  have  received  particu- 
lar names,  some  of  which  merit  notice  from  having  undoubtedly  sug- 
gested several  operations  by  which  the  cultivator  multiplies  plants. 

181.  A  Stolon  is  a  branch  wliich  naturally  curv^es  or  falls  down  to 
the  ground,  where,  favored  by  shade  and  moisture,  it  strikes  root, 
and  then  forms  an  ascending  stem,  capable  of  drawing  its  nourish- 
ment directly  from  the  soil,  and,  by  the  perishing  of  the  portion 
which  connects  it  with  the  parent  stem,  at  length  acquiring  an 
entirely  separate  existence.  The  Currant,  Gooseberry,  &c.,  multi- 
ply in  this  way,  and  doubtless  suggested  to  the  gardener  the  opera- 
tion of  layering ;  in  which  he  not  only  takes  advantage  of  and 
accelerates  the  attempts  of  nature,  but  incites  it  in  species  which  do 
not  ordinarily  multiply  in  this  manner. 

182.  A  Sucker  is  a  branch  of  subterranean  origin,  which,  after  run- 
ning horizontally  and  emitting  roots  in  its  course,  at  length,  follow- 
ing its  natural  tendency,  rises  out  of  the  ground  and  forms  an  erect 
stem.  The  Kose,  the  liaspberry,  and  the  IVIint  afford  familiar  illus- 
trations, as  well  as  many  other  species  which  shoot  up  stems  "  from 
the  root,"  as  is  generally  thought,  but  really  from  subterranean 
branches.  Cutting  off  the  connection  with  the  original  root,  the 
gardener  propagates  such  plants  by  division, 

183.  A  Raimer)  of  which  the  Strawberry  furnishes  the  most  familiar 
example,  is  a  prostrate,  slender  branch,  sent  off  from  the  base  of  the 
parent  stem,  which  strikes  root  at  its  apex,  and  produces  a  tuft  of 
leaves ;  thus  giving  rise  to  an  independent  plant  capable  of  extend- 
ing itself  in  the  same  manner. 


:NDBn.S,   ETC, 


IM.  in  flfflet  is  a  similar,  but  short,  prastrato  branch,  wicli  a  tuft 
rfluvca  Bt  the  end,  whidi,  resting  on  the  ground,  there  tokea  root, 
mi  at  length  beoomes  indepcod- 
OU  i  as  in  the  Housclpek. 

]8i5.  1  Tcodlil  is  commonly  a 
thmuMtlce,  leafless  branch,  cnpable 
of  coiliug  spirally,  by  which  some 
diinlnng  plants  attacli  ihemsclvca 
lo  eurrwinding  bodies  for  support ; 
U  in  the  Grape-vine  (Fig-  IGl). 
Bat  sometimes  lendrilK  belong  lo 
the  kaves,  as  in  the  Fen;  when 
Uwy  are  slender  prolongations  of 
tbe  kafulnlk.  Some  tendrils  cling 
by  liix^ing  their  tips  arouu<l  iho 
sqiponing  object.  Others,  such  as 
tlia»e  of  the  Vir^nla  Creeper  (Fig. 
1C$,  1C3),  commonly  expand  the 
tips  of  the  tendrila  into  a  flat  disc, — 
mcb  n$  tlo  many  oeriiil  rootlets  (oa 
tfaow  of  Ivy)  when  subservient  to 
Ife  miiG  office,  —  which  firmly  ad-  '" 

iitP»  to  walls  or  the  bark  of  trees,  thus  enabling  the  plant  to  ascend 
«Dd  cover  their  eurface.    As  soon  ad  they  are  attached,  tho  tendril 


r  Ih*  Onpc-TlTU,  nIUi  ^oanf  tcndcUi. 
HnotAlnpclopBlj.or  VltKlnI«CrT.>iwr,  TiLUi  ■  Ic 
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usually  shortens  itself  by  coiling  spirally,  thus  drawing  up  the 
climbing  shoot  closer  to  the  supporting  object 

186.  A  Spine  or  Thorn  is  an  imperfectly  developed,  indurated,  leaf- 
less branch  of  a  woody  plant,  attenuated  to  a  point    The  nature  of 

spines  is  manifest  in  the  Haw- 
thorn (Fig.  165),  not  only  bj 
their  position  in  the  axil  of  a 
leaf,  but  oflen  by  producing  im- 
perfect leaves  and  buds.  And 
in  the  Sloe,  Pear,  &c^  many 
of  the  stinted  branches  become 
spinose  or  spinescent  at  the 
apex,  tapering  off  gradually  in- 
to a  rigid,  leafless  point,  thus 
exhibiting  every  gradation  be- 
tween a  spine  and  an  ordinary 
branch.  These  spinose  branch- 
es are  less  liable  to  appear  on 
the  cultivated  tree,  when  duly 
cared  for,  such  branches  being 
thrown  mostly  into  more  vigor- 
ous growth.  In  the  Hawthorn, 
the  spines  spring  from  the  main 
axillary  bud,  while  accessory 
buds  (169),  one  on  each  side,  ap- 
pear, and  one  or  both  grow  the 
next  season  into  an  ordinary 
branch.  In  the  Honey  Locust,  it  is  the  uppermost  of  several  ac- 
cessory buds,  placed  far  above  the  axil,  that  develops  into  the  thorn 
(Fig.  164).  And  here  the  spine  itself  branches,  and  sometimes  be- 
comes extremely  compound.  Sometimes  the  stipules  of  the  leaves 
develop  into  spines,  as  in  the  Prickly  A<h.  Sometimes  the  leaf  it^ 
self  is  developed  as  a  spine ;  of  which  the  Barberry  affords  a  fiuniliar 
example.  When  the  spine  is  situated  in  the  axil  of  a  leaf  or  a  leaf- 
scar,  it  is  necessarily  of  the  nature  of  a  branclu    When  it  bears  a 


FIO.  164.  Bnnchiog  thorn  of  the  Honey  Locust  (Oleditachia),  an  Indurated  branch  derd- 
oped  ttom.  an  Bccenorj  bud  produced  above  the  axil,  a,  Three  buds  under  the  base  of  tlM 
lea&talk,  brought  to  riew  in  a  section  of  Uie  stem  and  leafstalk  below. 

no.  166.  Thorn  of  the  Cockspur  Thorn,  developed  firom  the  oentral  of  three  axillary  bndi ; 
one  of  the  lateral  bods  is  seen  at  its  base. 
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M  or  IirancU  in  i(s  asil  (as  in  (lie  Burberry,  Fig,  296),  it  must  be 
if  tfie  uilurv  of  a  leal'. 

Ift7.  Tb«  SDblrmDfan  ModUiealioOB  of  the  Sltm  aro  scnrcolyless 
MDcmu  *n4  diverse  than  the  iierial ;  but  they  may  all  be  rciluced 
to  •  few  principal  typi's.  They  are  perfectly  dialinguisbuble  from 
mti  tqt  producing  regular  buds,  or  by  being  marked  witli  scars, 
vtiieli  indicate  llie  former  insertion  of  leaves,  or  furnished  with 
Males,  which  arc  the  rudimenla  or  the  vestiges  of  leaves.  All  the 
&a^  fvols  of  the  older  botanists  are  therefore  forms  of  the  stem  or 
tcucbes,  with  which  they  accord  in  every  essential  respect.  So, 
EbwiM)  what  arc  popularly  called  Crtepmg  root*  are  really  sublet^ 
nBMD  bnncbes ;  such  od  those  of  the  Mint,  and  of  most  Sedges  and 
Some  of  these,  such  as  the  Cores  urennria  (Fig.  166)  of 


^^^^B^  render  important  service  in  binding  the  shifling  sands  of 

^^^^Ktfiore.     Otliers,  like  tiie  Couch-Grass,  are  otlcn  very  Irouble- 

^^^^^P  the  agriculturist,  who  finds  it  next  to  impossible  to  destroy 

^^HHf  the  orfiuary  operations  of  Uaslmndry ;  for,  being  furnished 

•ftk  trads  and  roots  at  every  node,  wliich  arc  extremely  tenacious  of 

Bfc,  wlien  lorn  in  piecea  by  the  plough,  each  fragment  is  only  placed 

in  tlie  more  favorable  condition  for  becoming  an  independent  plant. 

Tlo  Niit-Gniss  (Cypenis  Hydra),  an  ei[ually  troublesome  pe^t  to 

ih  t>luucrs  of  Carolina  and  Georgia,  i^  eimilorly  constituted ;  and 

Hi.  US.    CiMfiiiic  ntiiemtiMD  Mam  of  Cu«i  uvDuk. 

RO-  MT.  XblKnu  of  Dlpb^Uiili  cjmon.  ibDwlng  ill  rem'  powth,  nd  &  bait  ta  tba 
Mitt  L  (,  ■&■  bad  :  1,  Um  of  thg  attlk  of  Uia  oumnt  jhc  :  i,  ■«  left  br  I"  dM«T  of  **» 
■^•1  Mttk  «t  ihE  jtu  bcTon  \  ukI  beyond  us  tho  xan  ol  pmloua  lean. 
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besides,  the  interminftblc  Bubterranean  branches  bear  taben,  or 
reservoire  of  nutritive  matter,  in  tlieir  course,  which  have  BtiD 
greater  powers  of  vitality,  as  they  contain  a  copious  store  of  find 
for  the  development  of  the  buds  they  bear.     The  name  of 

188.  Rhlianu  or  BooktOCk  is  applied  in  a  general  way  to  all  these 
perennial,  horizontally  elongated,  more  or  less  subterranean,  root- 
like forms  of 
the  stem;  and, 
more  particu- 
larly to  those 
that  are  conad- 
erably  thidt- 
enedby  theac- 
"•  cumulation    d 

starch  or  other  forms  of  nutritive  matter  in  their  tissue,  such  as  the 
so-called  roots  of  Ginger,  of  tlic  Iris  or  Flower-de-luco  (Fig.  291),  of 
the  Calimius  or  Sivoet  Flag,  and  of  the  Blood- 
root.  They  grow  after  the  manner  of  ordinary 
stems,  advancing  from  jcar  to  year  by  the 
annual  development  of  a  bud  at  the  apex,  and 
emitting  roots  from  the  under  side  of  the  whole 
surface;  thus  established,  the  oldtr  portions  die 
and  decay,  as  corre'^ponding  additions  are  made 
to  the  opposite  grow  mg  extremitj  Eith  year  s 
growth  is  often  marked,  as  in  ^omc  spines  of 
Iris  (Fig.  291),  by  a  narrowing  at  the  place  ' 
where  the  growth  of  the  season  is  =u  pended, 
followed  by  an  enlargement  ■where  it  recom- 
mences ;  or  cIm!  as  in  the  cunous  Diphylleia  of  '* 
the  Alleghany  Mountains  (Fig  167),  and  the  Poljgonatum  or 
Solomon's  Seal  (Fig.  168),  it  is  more  indelibly  stamped  by  an  im- 
pressed circular  scar  (which  has  been  likened  to  the  impression  of  a 
seal),  left  annually,  in  autumn,  by  the  death  and  separation  from  the 
pereiminl  rootstock  of  the  herbaceous  stalk  of  the  sea.'on  which  bore 
the  foliage  and  blossoms.  In  Diphylleia  tlic  growth  is  so  slow,  and 
the  ascending  stems  so  thick,  tliat  the  scars  of  successive  years  are 


110.189.    Tlw  Hurt  ud  upright  lootMock  of  TrtlUDn 


a  Birthnxrt,  wltli  Itt  (n- 
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BMrljiD  contact  (Fig,  167).  In  the  very  short  and  Blow-growing 
iwblwk  of  "IVitliuin  (Fig.  169),  the  bnse  of  the  leaf-bearing  and 
Boweiing  stem  of  Oic  season  surrounds  and  covers  the  temiinal  bud. 
Id  our  rummon  Dentnria  or  Toothwort,  and  in  Hydropliyllum,  the 
Uwt^lliis  annual  slalk  or  of  the  leafstalks  partaken  in  the  thicken- 
iff,  aud  persists  as  a  piirt  of  tho  rhizoma,  in  the  form  of  fleslij'  scales 
or  hmth-ehnpcd  prow^Kes.  In  olhcr  ecaly  rootKtocks,  these  persist- 
W  baiBs  of  ibe  leaves  arc  Ihin,  and  more  like  bud-scales,  and  slowly 
AcijaAerayear  or  two.  All  Kueh  markings  are  vestiges  of  leaves, 
Ac,  or  the  scars  from  which  they  have  fallen  or  decayed  away,  and 
ySate  ibe  nodes.  They  show  that  the  l>o<ly  tluit  bears  them 
Mdr^  to  the  stem ;  and  not  to  the  rout,  whii^h  is  wholly  leafless. 
BoM^locka  brancli,  just  as  other  stems  do,  by  tie  development  of 
klei^  buds  &om  tlio  axils  of  tlieir  scales  or  leaves.  They  serve 
WKRMtrvmr  of  nourisliing  matter,  for  the  maintenance  of  tlie  an- 
ml  growili,  in  the  same  manner  as  do  thickened  roots  (H-5,  14G). 
Vbea  such  subterranean  stems  are  thickened  at  iho  npcx  only,  they 

189.  1  TDbcr.     This  is  usually  formed  by  tho  enlargement  of  the 
growii^  bud  of  a  Btibterranean  branch,  and  the  deposition  of  starch, 


•  ii>-.  This  deposit  serves  for  the  nourishment  of  tlie 
■liih  it  involves,  when  they  develop  the  following  year. 
I'olalo  otfers  the  most  familiar  example;  and  it  U 


I** 
na  ta  J 
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Tei7  evident  on  inspection  of  the  growing  planl^  that  the  taben 
belong  to  bnmchea,  and  not  to  the  roots.    The  nalnra  of  the  polsto 


is  also  well  ahown  by  an  accidental  case  (Fig.  171), 
of  the  buds  or  branches  above  ground  thickened  and 
manifested  a  etrong  tendency  to  develop  in  the  form 
of  tubera.  ]Jy  heaping  the  soil  around  the  stems, 
the  number  of  tubcrif^rous  branches  is  increased. 
The  Jerusalem  Artichoke  aUo  affords  a  familiar  il- 
lustration of  the  tuber  (Fig.  170).  A  tuber  of  a 
rounded  form,  and  with  f<!w  buds,  or  a  rhizoma 
somewhat  shorter  and  thicker  than  that  in  Fig.  169, 
effects  a  transition  to 

100.  A  Conn  {Cormta),  or  Solid  Bulb.  This  is  a 
fleshy  subterranean  stem,  of  a  rounded  or  oval  figure 
and  a  compact  texture ;  as  in  the  Arum  or  Indian 
Turnip  (Fig.  175),  the  Colchicum,  the  Crocus  (Fig. 
180,  181,  182),  the  Cyclamen,"  &c.  Corms  have 
been  termed  solid  bulbs.  But  the  principal  bulk  of 
a  truo  bulb  consbls  not  of  stem  but  of  leaves. 


*  Tbe  ftattcncd  corm  of  Cyclamen  origjiuites  from  the  dilatation  of  the  ndicla 
itself.  In  the  Turnip,  Beet,  ond  Radish  (Fig.  138),  this  also  cnhu^cs  with  tbe 
proper  root,  ibo  upper  part  of  which  arcordingly  partakes  of  tho  nature  of  the  ttem. 


no.  m  The  irtij  bulb  oT  ■  lUf. 
Doal  Malk.  1T4.  AilllirT  balblnU  or  LU 
FIG.  ITS.    A  ndkal  Inr  or  the  WhlH 


d  shUdd  oT  tbtf  AUDv,  forming  tlM  ■» 
ua.    17&.  Conn  of  Aniin  tripfajllua. 
U  Un  tUcksiwd  inU  ■  bolb-nk,  est 
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Ml.  i  Bnlb  is  a  permanently  abbreviated  Blcm,  mostly  shorter 
ibn  lirrxul.  ninl  clolhcil  with  eealc^  wliich  arc  imperfect  and  tliick- 
rani  li-uvf>,  or  more  commonly  the  thickened  and  persistent  bases 
rf  onliniiry  Icnves  (Fig.  176).  In  other  worda,  it  is  n  Bcaly  and 
tnully  Hubtcrranean  bud,  with  thirkened  acalef^  and  a  depressed 
uji  whidi  nt-ver  elongutes.  Its  centre  or  apex  develops  upward 
ibe  farriaKcoua  stulk,  Tuliuge,  and  flowers  of  the  season,  and  beneath 
aau  roote.  In  the  hnIK  the  thickening  by  the  deixisition  of  nutri- 
lire  imuer,  stored  for  future  tise,  takes  plaee  in  the  leaves  or  scales 
it  brvrs  instenJ  of  the  stem  ilself,  as  iu  the  preceding  forms.  The 
Kales  ate  sometimes  aepwate,  iLick,  and  narrow,  a*  in  the  Sealg 
iu&  of  tlic  Lily  (Fig.  172);  sometimes  broad  and  in  concentric 
lijvr^  u  in  the  TaniEtUed  bulb  of  the  Onion  (Fig,  177). 

193.  Bsibiett  nrc  small  aerial  bulbs,  or  buds  with  fleshy  ecaleS) 
litiiii  nm«  in  the  axils  of  the  leaves  of  several  plants,  such  as  the 
eonntmn  Lilium  hulbifemm  of  the  gardens  (Fig-  174),  and  at  length 
M^WBle  spontaneously,  fuliing  to  the  ground,  wlit're  they  strike  root, 
■ad  grow  us  independent  plants.  In  the  Onion,  and  other  species  of 
AIEnm,  bolblets  are  often  produe<-d  in  pliice  of  flower-buds.  These 
pkinlf  shoiw  the  identity  of  bulbs  willi  buds. 
IM.  All  these  extraordinary,  no  L-^s  tlinn  the  ordinary,  forma 


BB  UT-   hcdaDafatiinlnMbiilbiif  UuOnlan. 

Us.  11^    Tfftka]  ivtioii  of  (b*  bvlb  Df  the  TuUp,  ihowlof 

m.m.    ltiilborkOarikc>i>li>cn>poryoungbull». 


fa  tlw  irtttaend  eolmor  tlu  pi*- 
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of  the  stem,  grow  and  branch,  or  multiply,  by  the  development  of 
lerminnl  and  axillary  buda.  This  ia  perfectly  evident  in  the  rhizoma 
and  tulxT,  and  'u  equally  the  case  in  the  conn  and  bulb.  The  stem 
of  the  bulb  is  usually  reduced  to  a  mere  plate  (Fig.  178,  a),  which 
prodiiccii  roots  from  its  lower  surface,  and  leaves  or  scales  from  ths 
u|iper  ^tirface.  Besides  tiiu  terminal  bud  (c),  wliich  usually  fonu 
the  fiowur-slem,  lateral  bud:i  (£,  i)  arc  produced  in  the  axih  of  the 
leaves  or  scales.  One  or  more  of  these  may  develop  as  flowering 
stems  the  next  season,  and  thus  the  same  bulb  survive  and  blossom 
from  year  to  year ;  or  lliesc  axillary  buds  may  themselves  beconw 
bulbs,  feeding  on  the  parent  bulb,  which  in  this  way  is  often  coo- 
sumcd  by  its  own  offspring,  as  in  the  Garlic  (Fig.  179)  ;  or,  finally 
separating  from  the  living  parent,  just  as  the  bulblets  of  the  Tiga 
Lily  fall  from  the  stem,  they  may  form  so  many  independent  indi- 
191  vidual:!.     So  the  conn  of  the  Crocus  (Fifr 

182,  182'}  produces  one  or  more  new  onei, 
wliich  feed  upon  and  exhaust  it,  and  take  it< 
place ;  and  the  shrivelled  remains  of  the  old 
corm  may  be  found  underneath  the  new,  the 
next  sea.son.  The  corm  of  Colcliicum  (Fig. 
181)  proiluces  a  new  bud  on  one  side  at  tl» 
base,  and  is  consumed  by  it  in  the  course  cf 
Hie  season ;  the  new  one,  aflor  flowering  by 
its  tcnninal  bud,  is  in  tuni  consumed  by  its 
own  offspring;  and  so  on.  In  Fig.  181,  we 
liave  at  one  view,  a,  the  dead  and  shriveUed 
corm  of  llie  year  preceding ;  h,  that  of  the 
present  season  (a  vertical  section) ;  and  e, 
the  nascent  bud  for  the  growth  of  the  ensuing 
,  season.  Many  of  the  forms  wliich  the  stem  assumes  when  above 
ground  differ  as  much  from  the  ordinary  appearance  as  do  any  of 
these  eubtei-rnncan  kinds,  and,  in  fact,  imitate  their  iieculiaritics  j  as, 
for  example,  tlie  globular  Mcdon-Cactus  and  Mamillaria,  the  colum- 
nar Ccrcus,  and  the  jointed  Opuntia  or  Prickly  Pear.  These  are 
remarkably 

194.  GoniolidBlcd  Fonn»  of  Vegetelion,     While  ordinary  phmte  are 
constructed  on  the  plan  of  great  expansion  of  surface,  these  are 

FIO.  181.    Cord  of  Cneai,  ths  fnr  Ibln  eoTelopliig  lolH  nmored,  ihoolTig  tha  ihilTtllid 
puUoriUrai&oa.    ISl*.  TaiUiiil  NcUonitf  ■•tmUu«cni,wltbBlarailiuluaoukMri 
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ihe  plan  of  the  least  possible  amount  of  burface  in  pro- 
pociiMi  to  their  liiilk.  A  green  rind  serves  the  purpose  of  foliage  j 
lu  tlie  surface  is  ns  nothing  compared  with  an  ordinary  leafy  plant 
vt  llic  fmue  smount  of  vegeiable  material.  Tliis  consolidation  is 
caiml  to  the  extreme  in  the  Melon-Cactus,  Blamillariii,  and  the 
like,  of  globuLir  or  corm-like  sliapes ;  their  epherieal  figure  being 
ifcal  which  esposea  the  least  [KKsiblc  part  of  the  bulk  (o  the  uir, 
Such  pknU  are  evidenlly  adapted  and  designed  for  very  dry 
n^tmt;  and  in  such  only  are  tliey  naliirally  found.  Similurly, 
bulbnos  and  corm-bearing  plants,  and  Iho  like,  are  a  fonn  of  vcge- 
luioo  nhieli  in  the  growing  season  may  in  the  foliage  expand  a 
Iup^  surfuce  to  the  air  and  light,  while  during  the  period  of  real 
ibe  living  vtgrlable  is  reduced  to  a  globular  or  other  form  of  the 
leut  surface ;  and  this  is  protected  by  its  outer  eouta  of  dead  and 
hy  scales,  as  well  as  by  it^  subterranean  situation ;  —  thus  exliibit- 
nnd  very  similar  adaptation  to  a  season  of  drought 
:h  plants  miuiily  belong  to  countries  (such  as  Southern 
and  partd  of  the  interior  of  Oi'egon  and  California)  which 
long  hot  season,  during  which  little  or  no  ruin  falU,  when, 
and  foliage  above  and  their  roots  beneath  being  early 
hy  drought,  the  plants  rest  securely  in  tlieir  compact  bulbs, 
vitb  nourishment,  and  retain  their  moisture  with  great 
ly,  nuiil  the  rainy  Benson  returns.  Then  they  shoot  forth 
■ad  flowers  with  wonderful  rapidity,  and  what  was  perliapd 
I  iVmiiM  of  arid  sand  becomes  green  with  foliage  and  gay  with  blos- 
HW^  almcMt  in  a  day.  This  will  bo  more  perfectly  understood 
■fan  the  nature  and  the  use  of  foliage  shall  have  been  more  fully 


Sect.  IV.     Tqe  Lvteknai,   Structure   of  the  Stem  in 
Gene  UAL. 

195.  Having  Considered  llie  various  external  forma  and  nppear- 

■CM  whidt  llie  stem  exhibits,  and  its  mode  of  increase  in  length, 

■r  ■Hention  oiay  now  be  directed  to  its  internal  structure,  and  il3 

■ait  of  increase  in  diameter. 

I9fi.  The  stem  embraces  in  its  eomposition  the  various  forma  of 

sue  that  have  already  been  described  (Cliap.  I,  Sect. 

B.);  namely,  ordinary  celts',  woody  fibre,  and  veasela.     At 
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first,  indeed,  it  consists  entirely  of  parenchyma  (51),  which  pos- 
sesses much  less  strength  and  tenacity  than  woody  tissue,  and  is 
therefore  inadequate  to  the  purposes  for  which  the  stem,  in  all  the 
higher  plant s^  is  destined.  The  stem  of  a  Moss  or  a  Liverwort  is, 
in  fact,  com})osed  of  ordinary  cellular  tissue  alone ;  and  is  therefore 
wei)k  and  brittle,  well  enough  adapted  to  plants  of  humble  size, 
but  not  for  those  which  attain  any  considerable  height.  Accord- 
ingly, as  soon  as  the  stems  of  Pluenogamous  plants  begin  to  grow, 
and  in  projwrtion  as  the  leaves  are  developed,  woody  mingled  with 
vascular  tissue  is  introduced,  to  afford  the  requisite  toughness  and 
stri'iigth,  and  to  facilitate  the  rise  of  the  ascending  sap.  If  the 
wood  accumulates  only  to  moderate  extent  in  proportion  to  the 
pan'ncliyma,  the  stem  remains  herbaceous  (174) ;  if  it  predominates 
and  continues  to  ai*cumulate  from  year  to  year,*  the  proper  woody 
trunk  of  a  shnib  or  tree  is  formed. 

107.  Tlie  colluhu*  i^art  of  the  stem  grows  with  equal  readiness, 
in  whatever  din.H.'tion  the  forces  of  vegetation  act.  It  grows  verti- 
cally, to  increase  the  stem  in  length,  and  horizontally,  to  increase 
its  diameter.  Into  this  the  elongated  cells  that  form  the  woody 
tissue  and  ducts  are  introduced  venically;  they  run  lengthwise 
tlux)u<rh  the  stem  and  branches.  Hence,  the  latter  has  been  called 
the  hngttudinaL  vertical^  or  perpendictdar  system  (56.  64) ;  and 
the  ct^lular  part,  the  honzmital  s^cm  of  the  stem.  Or  the  stem 
may  In?  comp:ireil  to  a  web  of  cloth;  the  celluhu"  system  forming 
the  \root\  and  the  woody,  the  warp. 

198.  The  diversities  in  the  internal  structure  of  the  stem  arc 
princij^ally  owing  to  the  different  moilos  in  which  the  woody  or 
vertii*;il  svsiem  is  imbedded  in  the  ct^llular.  These  tliversiiies  are 
reduoiblo  to  two  genend  plans ;  upon  one  or  the  other  of  which  the 
stems  of  all  Flowerinii  i»lants  are  constructed.  Not  onlv  is  the 
difference  in  structure  quite  striking,  esjxvially  in  all  stems  more 
than  a  voar  old,  but  it  is  manifestotl  in  the  whole  vesication  of  the 
two  kinds  of  plants,  and  indirtites  the  division  of  Phrrnogamous 
plants  into  two  gTv:U  classes*  nwpiizable  by  every  eye;  which, 
in  their  fully  dovok>]HHl  forms,  may  Iv  represente^k  one  by  the  Oak 
iumI  other  in:vs  of  our  climate,  the  other  by  the  Palm  (Fig.  184). 

Idd,  The  ditferiMux*  Ivtvreon  the  two,  as  to  the  structure  of  their 
stems,  is  briet^y  and  simply  this.  In  the  first*  tin?  w<xxly  system  is 
dejK^iie^l  in  ann^nd  <^'»H;Y?ifnV  hryrrs  lv:wtvn  a  central  pith  and  an 
exterior  hari  :  ;»  that  a  a\>>s-«<vtion  presents  a  s^'ries  of  rings  or 
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drclea  of  wood,  surrounding  each  other  and  a  distinct  pith,  and  alt 
surrounded  by  a  separable  biirk.  Tliis  is  the  plan,  not  only  of  the 
Oak,  but  of  all  the  trees  and  etirubs  of  the  colder  climates.  In  the 
second,  the  woody  system  is  not  disposed  in  layers,  but  consists  of 
■epanite  bundles  or  threads  of  woody  fibre,  &c^  running  through  the 
oelhUar  EyMem  without  apparent  order ;  and  prewnting  on  the  cross- 
Kctton  a  view  of  the  divided  ends  of  the^e  threads  in  tho  form  of 
doW,  diSu^ed  through  the  whole;  but  witli  no  distinct  pith,  and  no 
bkHc  which  is  at  any  time  readily  seporabie  from  tlie  wood.  The 
apjieariuice  of  such  a  stem,  both  on  the  longitudinal  and  the  cross* 
section,  is  Khown  in  Fig.  183  ;  it  may  also  be  examined  in  the  Cane 
or  Rattan,  the  Bamboo,  and  in  the  annual  stalk  of  Indian  Corn  or 
of  A-'paragus.  That  of  ordinary  wood  of  the  first  sort  is  too  famil- 
ixr  to  need  a  pictorial  illustration. 

200.  Eio^oni  Slrncllire.  The  stem,  in  the  first  case,  increases 
in  diameter  by  the  annual  fbnnalion  of  a  new  layer  of  wood,  which 
is  deposited  between  the  preceding  layer  ond  the  bark ;  that  is,  the  ■ 
wood  incn'a.-ics  by  annual  additions  to  its  outside.  Hence,  such 
stems  are  said  to  be  ExoGESOtrs ;  and  plants  whose  Etcins  grow  in 
this  way  are  called  Exogenous  Plants,  or  briefly  Exogekb  ; 
tbaX  i^  as  the  term  litemlly  signifies,  outside-groaert. 

201.  EDdagenoni  Stractan!.  In  the  second  case,  the  new  woody 
matter  is  intermingled  with  the  old,  or  deposited  towards  the  centre, 
which  beconies  more  and  more  occupied 
with  the  woo<ly  threads  as  the  stem  grows 
older ;  and  increase  iu  diameter,  bo  far  as 
il  dc]xrnd4  on  tlie  fomiaiion  of  new  wood, 
gMierally  tiikes  place  by  tiio  gnuliiul  dii^ 
tcniion  of  the  whole.  Accordingly,  thc.*e 
stems  are  »iid  to  exhibit  the  Eniioge- 
xous  i'lnicturc  or  growth ;  and  such  pUmls  "* 

arc  called  Endogenol'S  Plants,  or  Em>Ooeks  ;  literally,  iniide- 


202.  The  two  great  classes  of  Phicnognmoua  plants,  indicated  by 
this  difference  in  the.  stem,  are  di.^'tingnishable  even  in  the  embrj'o 
ilaie.  by  differences  quite  as  marked  as  those  wliich  prerail  in  their 
«tnte  port  and  aspect.  Tlie  cmbrjo  of  all  plants  that  liavc  en- 
itipraom  stems  bears  only  a  single  cotyledon ;  hence,  Endogens  are 
deo  called  Moxocottledosoi'3  Plants  (128).     The  euibr^-o  of 

nO-UB.    BwOdb  (kacUmUnia  ud  tnanoH)  DfL  Pllm-itinii. 

10- 


plants  with  ex<^nous  stems  bears  a  pair  of  cotjiedona  and  imfidA 

a  pair  of  sced-lcavcs  in  germination  (Fig.  106, 125)  j  hence,  Exogen> 
are  likewise  called  Dicotixedonocs  Plants. 


Sect.  V.    Tar.  EKDOOEsoua  or  MosocoTTXEDOwoca  Stkh 

203.  Endooens,   or  Tnnde-growen,  although  ih<iy  have  manj 
humble  representatives  in  Korthem  climca,  yet  only  attain  their  fill 
charncterislic  devel- 
opment, and  dL^pluy 

their  noble  arbores- 
cent forms,  imder  a 
tropical  sun.  Yot 
Palnw  —  the  type  of 
the  class  —  do  ex- 
tend as  far  north  in 
this  country  ns  the 
coafit  of  North  Caro- 
lina (the  natural  lim- 
it of  the  Palmetto, 
Fig.  184)!  while  in 
Eurojw  the  Dale 
and  the  ChamcL'rops 
thrive  in 

er     parta     of    the 
European  shore  of 
tlio    Mediterranean. 
TIic  manner  of  their 
growth  ^TCB 
them  a  strik- 
ing   appear- 
ance ;     their 
trunks  being  t 
unbronclied, 

cylindrical  columns,  rising  majestically  to  the  height  of  from  thii^ 
to  one  hundred  and  fifty  feet,  and  crowned  at  the  summit  with  a 
simple  cluster  of  peculiar  foliage.  Their  internal  structure  is  equal- 
ly different  from  that  of  onlinary  wood. 

no.  ISl.    Tb*  Chuuenpi  FilmetUI,  lnTiiIoniiti(gi,mii(l  ttu  TD«t  Dneonii. 
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9H.  The  slem  of  nn  Enilogcn,  bs  already  expltuned  (109),  offers 
namaRire^t  distinction  into  bark,  pilli,  and  wood;  and  tho  talter  !a  not 
KWipuwil  ef  concentric  rings  or  layers.  But  it  consists  of  bundles  of 
mn^  nod  vascular  tissue,  in  the  form  of  fibres  or  threads,  which  ore 
itabrdded,  with  little  apparent  regulnrilr,  in  cellulnr  tissue ;  and  the 
ibule  is  endawd  in  an  inicgumont,  which  does  not  etriclly  resemble 
ibe  krfc  of  an  Exogenous  plant,  inasmuch  aa  tt  does  not  increase 
fcj  brera,  and  w  never  separable  from  the  wood.  The  fibrous 
Uinilli-*  which  compose  the  wood,  and  which  consist  of  a  mnaa  of 
■otdf  fibres  surrounding  several  vesseb",  are  distribuled  throughout 
tb«  crllular  Byslcni  of  the  stem,  but  mo^t  abundantly  towards  the 
nrmmfrrence.  Kaeh  bundle  usually  contains  all  the  elemenia  of 
the  «aoil  of  the  exogenous  stetn;  namely,  vessels,  proper  woody 
jiuDp,  and  iKisi-cells.  Tlio  bundles  often  may  be  traced  directly 
from  tiw  Wise  of  the  leaves  down  through  llie  stem,  some  of  them 
U  l)ie  mali  in  n  young  pleuil,  while  others,  cun-ing  outwards,  lose 
IkaiMlTcs  in  the  cortical  integument, 
V  rauL  Afi  (lie  stem  increases,  new 
kttllRS  fpringing  from  the  ba*ea  of 
WW  rwMiily  d<!Vctopo<l  IcaviN,  are  at 
Bnt  directed  towards  the  eemre  of  the 
Mat,  alimg  which  lliey  de.-'cend  for 
Nne  dblancc,  growing  more  siend<  r 
ii  ibeir  course,  and  then,  curving  oiil- 
mif,  moftly  tcnninalc  in  the  riinl 
b  is  partly  tn  consequence  of  tbi'  co- 
htslw  of  llicse  obliijuely  descending 
Smt  (o  the  false  bark,  that  the  latlLr 
amot,  (19  in  Enc^ns,  lie  separaled 
fhia  llio  wooil  benenth.     The  manner 

i  *lurfi  the  woody  threads  are  consequently  interwoven  is  sliown 
«  rig;  I8j.  The  Palm-like  Yuccas  of  the  Southern  Slates  oScr 
*WHiful  illastmtJona  of  the  kind. 

llKJ,  Enilogenoas  stems,  instead  of  having  the  oldest  and  hardest 
wrf  at  the  centre  and  the  newest  and  softest  at  the  circumference, 
*  U  ot^aaiy  trees,  arc  softest  towards  the  centre  and  most  compact 
«  llie  dreumfcrciieo.  They  IncrcL^c  In  diameter  with  the  increaa- 
■f  number  of  wooily  bundles  (which  mulligily  as  n<-\v  leaves  are 
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produced),  as  long  as  the  rinS  is  capable  of  distentioQ.  In  some 
instances,  as  in  the  arborescent  Yuccas  and  the  Dracaenas  or  Dragon- 
trees,  the  rind  remains  sofl  and  capable  of  unlimited  growtb ;  but  id 
the  Palms,  and  in  most  >voody  Endogens,  it  soon  indurates,  and  the 
stem  consequently  increases  no  further  in  diiuneter.  Tlie  wood  of 
the  lower  part  of  such  stem  is  more  compact  than  the  upper,  being 
more  filled  with  woody  bundles,  and  the  rind  is  firmer,  from  the 
^ater  number  of  ligneous  fibres  which  terminate  in  it,  and  from 
its  proper  induration. 

206.  Palms  generally  grow  from  the  terminal  bud  alone,  and 
perish  if  this  bud  be  destroyed ;  they  grow  slowly,  and  bear  their 
foliage  in  a  cluster  at  the  summit  of  the  trunk,  which  consequently 
forms  a  simple  cylindrical  column.  But  in  some  instances  two  or 
more  buds  develop,  and  the  stem  branches,  as  in  the  Doum  Palm  of 
Upper  Egypt,  and  in  the  Pandanus,  or  Screw-Pine  (Fig.  140), 
which  belongs  to  a  family  allied  to  Palms:  in  such  cases  the 
branches  are  cylindrical.  But  when  lateral  buds  are  freely  devel- 
oped (as  in  the  Asparagus),  or  the  leaves  are  scattered  along  the 
stem  or  branches  (as  in  the  Bamboo,  Maize,  &c.),  these  taper  up- 
wards, just  as  in  Exogens.  A  particular  comparison  of  the  structure 
and  growth  of  the  Endogenous  stem  with  the  Exogenous  cannot  be 
instituted  until  the  latter  is  explained  in  detalL 


Sect.  VI.    The  Exogenous  or  Dicotyledonous  Stem. 

207.  Since  the  Exogenous  cLoss  is  by  far  the  larger  in  every  part 
of  the  world,  and  embraces  all  the  trees  and  shrubs  with  which  we 
are  familiar  in  the  cooler  climates,  the  structure  of  this  kind  of  stem 
demands  more  detailed  notice.  To  obtain  a  true  mid  clear  idea  of 
its  internal  structure,  we  should  commence  at  its  origin  and  follow 
the  course  of  development. 

208.  In  the  embryo,  or  at  least  at  some  period  antecedent  to 
germination,  the  rudimentar}'  stem  is  entirely  composed  of  paren- 
chyma. But  as  soon  as  it  begins  to  grow,  some  of  the  cells  begin  to 
lengthen  into  tubes,  to  be  marked  with  transverse  bars  or  spiral 
lines,  and  thus  give  rise  to  <hicts  or  vessels  (57  -  GO) ;  these  form  a 
small  and  definite  number  of  bundles  or  threads,  say  four  equidistant 
ones  in  the  first  instance,  as  in  the  Sugar  Maple :  surrounding  these, 
other  slender  cells  of  smaller  calibre,  and  destitute  of  markings, 
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soon  appear,  and  fonn  the  earliest  voody  tissue.  As  the  nidimenta 
<^  the  next  Jnteraode  and  iU  leaves  appear,  two  or  four  additional 
Ihnads  of  Taaculor  tissue  appear  in  the  stem  below,  in  the  paren- 
tiayma  between  the  earliest  ones,  and  are  equally  surrounded  with 
fenning  woody  tissue.  At  an  enrly  stage,  therefore,  the  developing 
etem  b  seen  to  be  traversed  by  several  bundles  of  woody  tissue,  with 
some  vessels  imbedded ;  and  these,  as  they  increase  and  enlarge,  run 
together  so  as  to  make  up  a  woody  zone  (or,  as  seen  in  the  cross- 
section,  a  ring),  enclosing  tlic  central  part  of  the  parenchyma  within 
it,  and  itself  enclosed  by  the  external  parenchyma.  Thus  a  zone  or 
layer  of  wood  is  formed,  which  is  so  situated  in  the  original  homo- 
geneous cellular  system  as  to  divide  it  into  two  parts ;  namely,  a 
central  portion,  which  forms  the  pith,  and  an  exiorior  portion,  which 
belongs  to  the  bark.  The  whole  is  of  course  invested  by  the  skin 
or  epidermis,  which  covers  the  entire  surface  of  the  plant.  The 
way  ID  which  the  layer  of  wood  thus  originates  is  somewhat  rudely 
iUustraled  by  the  annexed  diagrams  (Fig.  186-  188).     Tiie  several 


woody  m-fses,  or  wedges,  are  separated  from  each  other  by  lines  or 
bends  of  the  original  cellular  tissue,  which  pass  from  the  ]>ith  to  the 
bark,  and  which  necessarily  become  narrower  and  more  numerous  as 
(be  woody  bundles  or  wedges  increase  in  tsizo  and  number.  These 
bands  are  the 

209.  Itdlllarr  Kayi.  These  form  the  radiating  lines  that  the 
cross-Mction  of  most  exogenous  wood  so  plainly  exhibits,  especially 
that  of  the  Oak,  Plane,  &c.     They  consist  of  parenchyma,  more 
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or  less  flattened  hy  the  pressure  of  the  wood;  wedges,  and  th^ 
serve  to  keep  up  the  communicfttion  between  the  pith  and  the 
bark. 

210.  The  Finl  Year's  Growth  of  on  ext^^enous  stem  accordingly  cos- 
dsts  of  three  principal  parts,  viz.:  1st,  a  central  cellular  portion,  or 
Pith;  2d,  a  zone  of  Wood;  and  3d,  an  exterior  cellular  portion,  or 
^r^  These  Beveral 
parts  are  dlgplaycd 
in  Fig.  189-191,  as 
they  occiar  in  a  woody 
stem  a  year  old. 

211.  The  Pith  (ifi»- 
dvUa)  consists  en- 
tirely of  soft  cellular 
tissue,  or  parenchy- 
ma* (51),  which  is 
at  lirat  gorged  With 
sap  Many  etems 
expand  so  rapidly  ui 
diameter  dunng  their 
eirly  growth,  that 
they  become  hollow, 
tl  e  pith  being  torn 
aivay  by  the  disten 
tion  and  ild  remains 
forramg  a  mere  hn 
mg  to  tl  e  cavity 
111  the  Walnut  and 
the  Poke  (Phytolac- 

a,  fuw  threads  of  wooJv  tissuo  ami  vessels  »ro  found  dis- 
persed tlirough  the  pith,  presenting  a  fomcwlint  renmrkablo  aoomidjr,  Thii 
occurs  ia  Anilia  ncemosa,  and  more  strikingly  in  Oxrtmpiius,  Klirabilig  or 
Four-o'cloek,  and  atlier  Nyelaginuceoi. 

lUm  of  (fag  Soft  M>pl«  (A(«[  Oujcai- 

;  tills  ctUulsr  pith,  eorrouoiM  bf  tha 

;  fnm  the  bark  to  tbc  pith  :  a,  put  of 


il,i«ili]iliiife1Ji|iiiiKfe 


FIG.  1S9  Laa^tudJDKluiJtTiTiKTri 
pun),  at  tbe  cloio  or  the  fint  jcar's  nn 

FIO.  IQO.  Portion  of  tba  ■aiD«.  too 
mod,  and  tliat  sncloMd  bj  the  baik. 

FIO.  191,  Mon  magiilB«d  gllce  of  tl 
U»  pith ;  b.  iMHli  of  tba  iiicdii1]ar;r  •! 


tlia  coikj  innlopc  \  i,  tbo  ikiii  or  tpidenuli ;  jl,  ono  of  the  moduUai;  n 


■lop*,  or 
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u  ^-arly  separated  into  n  series  of  horizontal  plates.     Aa  the 
jws  older  the  pith  becomes  dry  and  h'ght,  its  cells  filled  with 

aad  then  it  is  of  no  further  use  to  llie  plant. 
TIK  Wood  consists  of  proper  woody  tissue  (o3),  among  which 
tbo  nsnilar  is  more  or  less  copiously  mingled,  principally  in  the 
bna  of  doiletl  ducts  (Fig.  191,  d),  or  oocasiooally  eorae  tuuiular 
dac(«  (f).  Ac.  The  dotted  duets  are  of  so  considerable  calibre,  tlial 
IIkj  nv  cunspiruous  to  the  naked  eye  in  many  ordinary  kinils  of 
wood.  «pccially  where  they  are  accumulated  in  the  inner  portion  of 
each  layttr,  iia  in  the  Chestnut  and  Oak.  In  the  Maple,  Plane,  &c., 
ifaejr  are  mther  eqimbly  scattered  tlirough  the  annual  layer,  and  are 
of  a  Ht£e  so  f  mall,  that  they  ore  not  distinguishable  by  the  naked  eye. 
—Next  the  pith.  L  e.  in  the  rery  earliest  formed  part  of  ihe  wood, 
tome  spiral  duels  are  uniformly  found  (Fig.  191,  b),  and  this  ia  the 
flolt  part  of  the  exogenous  stem  in  which  these  ordinarily  occur. 
They  may  be  delected  by  breaking  a  woody  twig  in  two,  afier  divid- 
tng  the  foark  and  nioiit  of  the  wood  by  a  circular  incision,  and  then 
pnUfng  the  ends  genlly  asunder,  when  their  spirally  coiled  fibres  are 
readily  drawn  out  as  goesnnier  tlircads.  As  these  spiral  ducts  form 
A  cirde  immediately  gurroimding  tho  pitb,  they  foi-m  what  has  been 
tanwul  Ihe  Medlxlary  SllGATit.  This  is  no  special  organ,  and 
banOy  rctiuin's  a  special  niune,  sinee  it  merely  representa  the  carli- 
est-^brmed  vascular  tissue  of  the  stem. 

813.  TTm;  vertical  section  in  Fig,  191  divides  one  of  the  woody 
and  therefore  the  medullary  rays  do  not  8|)pear.     But  in 

ffll'lMllIiHirafRft'!   |i!!a01!llll 


ikal  HcUm  ilirougb  tbs  •ood  of  ■  bmncb  at  thi  Map>,  a  y«iF  aid ;  »  h  W 
DAlulUrT  t^j;  pBHlop  tnuiavHivrljr  Ttwa  ILa  pitb  lp]l'y  (li?bu-k  i});  maf- 
ItBB  CBD  Hlijuqi  bn  nula  Bj  u  (D  fbow  (RID  Dsbiokcn  pliln  itreuUnE  tetau 
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the  mnch  more  nuipiified  Fig.  192,  the  section  is  made  so  as  to 
show  the  surface  of  one  of  these  plates,  and  one  of  the  Medullart 
HxYS  pasfihig  horizontally  across  it,  connecting  the  pith  (p)  with 
the  hark  (b).  These  medullary  rays  form  the  stlcer-^rain,  (as  it 
is  termed,)  wliich  is  so  conspicuous  in  the  Maple,  Oak,  &c^  and 
wliicli  gives  the  glinmiering  lustre  to  many  kinds  of  wood  when  cot 
in  this  direction.  But  a  section  made  as  a  tangent  to  the  circum- 
ference, and  therefore  perpendicular  to  the  medullary  rays,  brings 
their  ends  to  view,  as  in  Fig.  193 ;  much  as  they  appear  when  seen 
on  the  surface  of  a  piece  of  wood  from  which  the  bark  is  stripped. 
They  are  here  seen  to  be  comi)osed  of  parenchyma,  and  to  represent 
the  horizontal  system  of  the  wood,  or  the  woofy  into  which  the  ver- 
tical woolly  fibre,  &C.,  or  icarp,  is  interwoven.  The  inspection  of  a 
piece  of  oak  or  maple  wood  at  once  shows  the  pertinency  of  this 
illustration. 

214.  The  BaAf  in  a  stem  of  a  year  old,  must  next  be  considered. 
At  first  it  consists  of  simple  parenchyma,  undistinguishable  from 
that  of  the  pith,  except  tlmt  it  assumes  a  green  color  when  exposed 
to  the  light,  from  the  production  of  chlorophyll  (92)  in  its  cells.  But 
during  the  formation  of  the  wood  of  the  season,  an  analogous  forma- 
tion occurs  in  the  bark.  The  inner  portion,  next  the  wood,  has 
woody  tissue  formeil  in  it,  and  becomes 

215.  The  Liber,  or  Inner  Rirk  (Fig.  191,/).  The  fibre-like  cells, 
which  give  to  the  innor  Iwirk  of  those  plants  that  largely  contain 
them  its  principal  stn'iigth  and  touglmess,  are  of  the  kind  already 
described  under  the  name  of  bast-rvlls  or  bast-t issue  (55).  They  are 
remarkable  for  their  length,  flexibility,  and  the  great  thickness  of 
their  walls.  Thov  form  in  bundles,  or  in  bands  separated  bv  exten- 
sions  of  the  medulhiry  niys,  one  acconlingly  corresjwnding  to  each 
of  the  wootly  phites  or  woilgos ;  or  sometimes  (jis  in  Kegimdo,  Fig. 
194,  195)  they  are  confluent  into  an  unbroken  circle  round  the 
whole  circumference.  Complete  and  well-developed  liber,  like  that  of 
the  Biisswixxl,  consists  of  three  elements,  viz.:  1.  bast-cells  or  fibres ; 
2.  hirge  and  more  or  less  elongated  cells,  with  thinner  walls  variously 
nuirked  with  transp;\n*nt  siK>ts,  ap|)earing  like  perforations,  and 
usually  traverst^  bv  mi  exceeilindv  minute  net-work ;  and  3.  cells 
of  parenchyma.  The  liber  has  nH.*eivitl  the  technical  name  of 
ExDOPHLiF.UM  (litendly  inner  httrk).  In  most  wooily  stems  the 
exterior  ]wrt  of  the  Imrk,  in  which  no  wooily  tissue  occurs,  is  early 
distinguishable  into  two  jviirts,  an  inner  and  an  outer.     Tlie  former  is 
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L  Tta  CellBlar  BnTelope,  or  Gretn  Layrr  (Fig.  191,  j^  also  willed, 
from  \u  iulrrmedialf-  position,  tlie  Mesophukum.  This  is  cum- 
pOH^  of  loose  jum.-ni-hymit,  with  thin  walLa,  niucli  Vika  the  green 
palp  of  leaves,  and  cnntmning  iiii  equal  nbiindnnco  of  chlnrophylL 
It  b  t\m  only  {lart  of  the  bark  that  retuin^  a  green  color.  In  woody 
•tems  ihift  i«  goon  covered  witli 

ai7.  The  Corty  EovelOpe,  or  Epirm-fEcrM  (Fig.  191,  ft),  which 
^m  to  the  twi^  of  trees  an<l  nlirults  llm  hue  peculiar  to  each  spc- 
rici,  g«Derally  some  shade  of  aili-eolor  or  brown,  or  occasionally  of 
midi  more  rivid  tinls.  It  is  this  tUxue,  which,  taking  an  unusual 
derelopmcnl,  forms  the  eork  of  the  Cork-Oak,  and  those  corky  ex- 
(■BnoM  of  ibe  hark  whicli  are  so  conspicuous  on  the  branches  of 


nanRH  wctlno,  uvl  lOS,  •  UiTMpoDdliiKnrtiul  ■hUsb,  nugnl- 
1,  F,  to  Um  epldtimli,  r,  of  *  itnn  of  Nggnuiln,  ■  ir^t  oM  :  B,  Uia 
'.,  tat  unblum-lnj-er.  u  fDniul  In  Febnuiy.    The  nfnvnan  >r>  In 
Hrfteni  nHptMr,  ponloaork  metlulluj  n;,  »d  od  Iha  rcrUal  peclhn.irtaen  It 
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the  Sweet  Gum  (Liquidambar),  and  on  some  of  our  Elms  (Ulmiu 
alatii  and  racemosa).  It  also  fonns  the  paper-like,  exfoliating  lajen 
of  Birch-bark.  It  is  composed  of  laterally  flattened  parenchymatous 
cells,  much  like  those  of  the  Epidermis  (G9,  Fig.  191,  «),  which 
directly  overlies  it,  and  forms  the  skin  or  surface  of  the  stem. 

218.  The  elements  of  an  exogenous  stem  of  a  year  old,  especially 
in  a  woody  plant,  accordingly  are  these,  proceeding  from  the  centre 
towards  the  circumference  :  — 

I.  In  the  Wood : 

1.  The  Pith,  Iwlonging  to  the  celluhu*  system  (Fig.  194,  195,/>). 

2.  The  Medullary  Slteath,  ms,    )  which  belong  to  the   woody  or 

3.  The  Layer  of  Wood,  W,  w,    j       longitudinal  system. 

4.  The  Medullary  Rays,  mr,  a  part  of  the  cellular  system. 

II.  In  the  Bark  : 

5.  The  Liber,  I ;  its  bast-tissue,  h,  belongs  to  the  woody  system. 

6.  The  Outer  Bark,  belonging  wholly  to  the  cellular  system,  and 

composed  of  two  parts,  viz. :   1st,  the  Green  or  Cellular  En- 
velope, ge,  and  2d,  the  Corky  Envelope,  ce, 

7.  The  Epidermis,  e,  or  skin,  which  invests  the  whole. 

219.  An  herba(*eous  stem  does  not  essentially  differ  from  a  woody 
one  of  this  age,  except  that  \\ic  wood  forms  a  less  compact  or  thinner 
zone ;  and  the  whole  perishes,  at  least  down  to  the  ground,  at  the 
close  of  tlie  season.  But  a  woody  stem  makes  proWsion  for  contin- 
uing its  growtli  the  second  yc^ar.  As  llie  layer  of  wood  continues  to 
incn»ase  in  thickness  throughout  the  season,  by  the  multii)lication  of 
cells  on  its  outer  surface,  between  it  and  the  bark,  and  when  growth 
ceases  this  process  of  cell-multiplication  is  merely  suspendeil,  so 
there  is  always  a  zone  of  delicate  young  cells  interi>osed  between  the 
wood  and  the  bark.     This  is  called  the 

220.  Cambium-lnyer,  (Fig.  194,  195,  (7).  It  is  charged  with  or- 
ganizable  matter  (protojilasni,  dextrine,  &c)  in  the  form  of  a  mu- 
cilage, which  is  particularly  abundant  in  the  spring  when  gro^vth 
recommences.  Tliis  mucihiginous  matter  was  named  Cambium  by 
the  older  Iwtanists;  who  supposed  —  as  is  still  generally  thought  — 
that  the  bai*k,  tlien  so  readily  separable,  really  separated -from  the 
wood  in  spring,  that  a  quantity  of  rich  mucilaginous  sap  was  poiuxid 
out  between  them,  and  that  this  sap,  or  cambium,  was  organized 
into  a  tissue,  the  inner  part  becoming  new  wood,  the  outer,  new 
bark.  But  delicate  slices  will  show  that  there  is  then  no  more  inter- 
ruption of  the  wood  and  inner  bark  than  at  any  other  season  ;  that 
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are  alwajB  organically  connected  by  an  extremely  delicate 
tio^uc  of  young  and  vitally  active  cells,  just  in  the  alaie  in  wliich 
tliey  miiliij>ly  by  Oivibion  (33).  Tbo  bark,  indeed,  is  very  readily 
dMMt-Iied  frcm  tlie  wood  in  spring,  because  the  cambium-layer  is  then 
{M^n^  vriih  imp  j  but  the  Hcimration  ta  effected  by  the  rending  of 
«  delicate  fonning  tissue.  And  if  some  of  this  nppanuit  mueiluge  be 
M^ied  fAt  Irani  llie  eurfaee  of  the  wood,  and  examined  imder  a  good 
mienecope,  it  will  be  seen  to  I>e  a  tliin  stratum  of  young  wood-cells, 
WJlh  the  ends  of  medullary  rays  here  and  there  interspersed,  and 
Hyearing  much  aa  in  Fig.  IDS,  only  the  young  wood-cells  are  mostly 
ihorter.  The  inner  portion  of  the  cambium-layer  is  therefore  nas- 
OEOt  iTOod,  and  the  outer  ia  nascent  bark.  And  it  is  by  the  growtli 
tf  ibe  catnbium-layer,  renewed  year  after  year,  tliat  the 

XSl.  Ananal  IncreiUC  of  the  Wood  of  Exogenous  plants  is  cfiected. 
i»  the  cells  of  tliis  hiyer  iiiulti|ily,  the  greater  number  lengthen  ver- 
tically into  prosenchynm  or  woody  tissue ;  while  some  are  Imns- 
fanwd  into  ducl«,  and  olher^  remaining  as  parenchyma,  eontinuc  the 
iBedalUry  rays  or  commence  new  ones.  In  tlus  way  a  second  layer 
(fwocHl  is  formed  the  second  season,  over  the  whole  surface  of  the 
bnacT  layer  and  between  it  and  the  bark,  and  continuous  with  the 
Wvaij  layer  of  the  new  roota  below  and  of  the  leafy  shoots  of  the 
•Buon  alure.  Each  succeeding  year  another  layer  is  added  lo  the 
wood  in  Uic  same  manner,  coincident  with  the  growth  in  length  by 
tbe  deretopmcnl  of  tlie  buds.  A  cross-section  of  an  exogenous  stem, 
ikentorv,  rxhibils  tlie  wood  disposed  in  concentric  rings  between 
lihe  barit  and  the  pilli ;  the  oldest  lying  next  the  latter,  and  the 
joongesl  occupying  the  circumference.  Each  layer  being  the  pro- 
ima  of  »  single  year's  growth,  the  age  of  an  exogenous  tree  may,  in 
correctly  ascerlaincd  hy  counting  the  rings  in  a  erosa- 
of  llie  trunk." 


•T1«  unnul  Uyon  are  most  distinct  in  tn>ci  of  temperate  climnlps  like  ours, 
*he>  ih*n  b  a  prolonged  period  of  total  rcpoac,  rnim  the  wititer'g  coM,  fol- 
bnd  hj  ■  TigoTous  mumption  of  TCgeUition  in  spring.  In  tropical  ircca  llic/ 
n  mdy  ao  well  definnl ;  but  even  in  these  there  U  gcoenUtf  B,  iDOro  or  less 
hdc4  aoDiud  suspension  of  vegetation,  occoning,  however,  in  tliu  drj-  and 
imm,  tatber  ihaii  in  the  cooler  eesBon.  There  ore  nomeroiis  cnses,  monover, 
ktHA  Om  wood  fottns  ■  nnifimn  siratum,  whatevtir  Iw  the  ngo  of  the  trunk, 
iihtta  nfioietccnt  species  of  CarliiB ;  or  where  llie  layers  ore  few  uuU  by  no 
■VtMavapondlng  witti  the  a^'o  ot  Ihc  tnink,  u  in  the  Cycas. 

hmnf  wwdj  cUmbing  or  tnioing  steias,  such  u  those  of  Clematis,  Aiistft- 
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222.  The  Limitation  of  the  Annual  layen  results  irom  two  or  more 

causes,  sepanitu  or  combined.  In  oak  and  chestnut  wood,  and  the 
like,  the  layers  are  strongly  defined  by  reason  of  the  accumulation  of 
the  hirge  dotted  ducts,  here  of  extreme  size  and  in  great  abundance^ 
in  the  inner  jwrtion  of  each  layer,  where  their  open  mouths  on  the 
cross-section  are  conspicuous  to  the  naked  eye,  making  a  strong  con- 
trast between  the  inner  porous,  and  the  exterior  solid  part  of  the 
successive  layers.  In  Maple  and  Beech  wood,  however,  the  ducts 
are  smaller,  and  are  dispersed  throughout  the  whole  breadth  of  the 
layer ;  and  in  coniferous  wood,  viz.  tliat  of  Pine,  Cypress,  &c^  there 
are  no  ducts  at  all,  but  only  a  miiform  woody  tissue  of  a  peculiar 
sort  (4G,  51).  Here  the  demarcation  between  two  layers  is  owing 
to  the  greater  fmene^ss  of  the  wood-cells  formed  at  the  close  of  the 
season,  viz.  those  at  the  outer  border  of  the  layer,  while  the  next 
layer  begins,  in  its  vigorous  vernal  growth,  with  much  larger  cells, 
thus  marking  an  abrupt  transition  from  one  layer  to  the  next.  Be- 
sides being  finer,  the  hist  wood-cells  of  the  season  are  often  flattened 
laterally,  more  or  less. 

223.  Plach  layer  of  wood,  once  formed,  remains  unchanged  in  posi- 
tion and  dimensions.  But  in  trunks  of  considerable  age,  the  older 
layers  generally  undergo  more  or  less  change  in  color  and  density, 
distinguishing  the  wood  into  two  parts,  viz. 

224.  Sap-wood  and  Heart-wood.  In  the  germinating  plantlet  and  in 
the  developing  bud,  the  sap  ascends  through  the  whole  tissue,  of 
whatever  sort ;  at  first  through  the  parenchyma,  for  there  is  then  no 
other  tissue  ;  and  the  transmission  is  continued  through  it,  especially 
tlirough  its  central  portion,  or  the  pith,  in  the  gromng  apex  of  the 
stem  throughout,  But  in  the  older  parts  below,  the  pith,  soon 
drained  of  sap,  becomes  filled  with  air  in  its  place,  and  thenceforth  it 
bears  no  part  in  the  plant's  nourishment.  As  soon  as  wood-cells  and 
ducts  are  fonned,  they  take  an  active  part  in  the  conveyance  of  sap ; 


lochia  Sipho,  and  Mcnispcrmum  Canadcnsc,  the  annual  layers  arc  rather  obscure- 
ly marked,  while  the  medullary  rays  arc  unusually  broad ;  and  the  wood  therefore 
forms  a  scries  of  separable  wedges  disposed  in  a  circle  around  the  pith.  In  the 
stem  of  one  of  our  Trumpet-creepers  (the  Bi^^onia  caprcolata)  the  annual  rings, 
after  the  first  four  or  five,  arc  interrupted  in  four  places,  and  here  as  many  broad 
plates  of  cellular  tissue,  belonging  properly  to  the  bark,  are  interposed,  passing 
at  right  angles  to  each  other  from  the  circumference  towards  the  centre,  so  that 
the  transverse  section  of  the  wood  nearly  resembles  a  Maltese  cross.  But  theM 
arc  all  exceptional  cases,  which  scarcely  require  notice  in  a  general  view.  ^ 
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Sx  which  their  tabular  and  capillaiy  character  is  especially  adapted. 
Bat  the  duct^  in  older  ports,  except  when  gorged  with  sap,  contain 
•ir  alone  ;  and  in  woody  irunks  the  Bap  continue:^  to  rise  year  after 
jeor,  to  the  places  where  growth  is  going  on,  mainly  through  the 
projicr  woody  tii-sue  of  the  wood.  In  this  Inmsniission  tlio  new  hiyera 
are  most  ociive,  and  ihwc  arc  in  direct  communication  with  the  new 
roou  on  the  one  liaud  and  with  the  buds  or  shoots  nnd  leaves  of  the 
Beaiion  on  the  other.  So,  by  the  formation  of  new  annual  layers  out- 
tide  of  them,  the  older  ones  are  each  year  removed  a  step  farther 
from  the  region  of  growth;  or  rather  the  growing  siratuin,  which 
coimecti)  the  fresh  rootlets  that  imbibe  wilh  tlie  foliage  that  elabo- 
rates the  sap,  is  each  year  removed  farther  from  them.  The  latter, 
tberefinv,  after  a  few  years,  ccoso  to  convey  sap,  as  they  have  long 
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before  ceased  to  take  part  in  any  vital  operations.     The  cells  of  the 
older  layers,  also,  commonly  liavo  thicker  walls  and  smaller  calibre 
than  those  of  the  newer,  —  as  here  shown  in  Fig.  198, 199,  compared 
with  Fig.  196,  197,  —  owing  to  the  greater  amomit  of  thickening  o^ 
gjmic  materials  (43)  mingled  with  encrusting  mineral  matters  intra* 
dnced  with  the  water  imbibed  by  the  roots  (93)  which  have  been  de- 
|X)sited  iiiwn  them  from  within.   This  older,  more  solidified,  and  harder 
wood,  which  occupies  the  centre  of  the  trunk,  and  is  the  part  prind- 
pally  valuable  for  timber,  &c.,  is  called  Heart-wood,  or  Duramen: 
while  the  newer  layers  of  softer,  more  open,  and  bibulous  wood,  more 
or  less  charged  with  sap,  receive  the  name  of  Sap-wood,  or  Albub- 
NUM.     The  latter  name  was  given  by  the  earlier  physiologist^}  in  allu- 
sion to  its  white  or  pale  color.    In  all  trees  w^hicli  have  the  distinction 
between  the  saji-wood  and  heart-wood  well  marked,  the  latter  acquires 
a  deeper  color,  and  that  peculiar  to  the  species,  such  as  the  dark  brown 
of  the  Black  Walnut,  the  blacker  color  of  the  Ebony,  the  purplish-red 
of  Red  Cedar,  and  the  bright  yellow  of  the  Barbeny.     These  colors 
are  owing  to  special  vegetable  products  mixed  with  the  incrusting 
matters  ;  but  sometimes  the  hue  appers  to  be  rather  an  alteration  of 
the  lignine  with  age.     In  the  Red  Cedar,  the  deep  color  belongs 
chiefly  to  the  medullary  rays.     In  many  of  the  softer  woods,  there  is 
little  thickening  of  the  cell-walls,  and  little  change  in  color  of  the 
heart-wood,  excej)!  from  incipient  decay,  as  in  the  "WTiitc  Pine,  Pop- 
lar, Tulip-tree,  &c.     The  heart-wood  is  no  longer  in  any  sense  a 
li\'ing  i^art ;  it  may  perish,  as  it  frequently  does,  without  affecting  the 
life  or  health  of  the  tree. 

225.  The  Bark  is  much  more  various  in  structure  and  growth  than 
the  wood :  it  is  also  subject  to  grave  alterations  with  advancing  age, 
on  account  of  its  external  position,  viz.  to  distention  from  the  con- 
stantly increasing  dijuneter  of  the  stem  within,  and  to  abrasion  and 
decay  from  the  influence  of  the  elements  without.  It  is  never  entire, 
therefoix?,  on  the  trunks  of  large  trees  ;  but  the  dead  exterior  parts, 
no  longer  able  to  enlarge  with  the  enlarging  wood,  are  gradually 
fissured  and  torn,  and  crack  off  in  layers,  or  fall  away  l)y  slow  decay. 
So  that  the  bark  of  old  trunks  bears  but  a  small  proportion  in  thick- 
ness to  the  wood,  even  when  it  makes  an  equal  amount  of  amiual 
growth. 

226.  The  three  parts  of  the  bark  (214-217),  for  the  most  part 
readily  distinguishable  in  the  bark  of  yoimg  shoots,  grow  indepen- 
dently, each  by  tlie  addition  of  new  cells  to  its  inner  face,  so  long  as 
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it  grows  at  all.  The  green  layer  does  not  increase  at  all  afler  the 
first  year ;  the  opaque  corky  layer  soon  excludes  it  from  the  light  [ 
and  it  gradually  perishes,  never  to  be  renewed.  The  corky  layer 
coounonly  increases  for  a  few  years  only,  by  the  formation  of  new 
tabular  celb :  occasionally  it  takes  a  remarkable  development,  form- 
ing the  substance  called  CotI,  as  m  the  Cork  Oak.  A  similar  growth 
occurs  on  the   bark  of  several 

q>ecies  of  Ehn,  of  our  L  qu  d  ^^^,r-^~i'  •=-''"^^^^^^^ 

ambnr  or  Sweet-Gum  ic    pro-     »  'S'  "      "  '         ^% 

dunng  thick  corky  ph  tes  on    le    o^^r"  ~~^^ 

branches.    In  the  TVTi  c  «id  Pa     >  ^^^ 

per  Birch,  tlun  layers  of  a  very         ^~  i^:^ 

durable   nature,  are  furmed   for  '  s 

a  great  number  of  years     each        t ,  _ , 

layer  of  tabular  and  firmly  cohe  pn  "     ;^^ 

mt  cell,  (Fig.  200.  <■)  dlemaKs         %^J-JS"^^'"^^ 

with  a  thinner  stratum  of  del  cale  "• 

mnewhat  cubical  and  le^s  compact  cells  (h)    ivh  ch  break  up  into  a 

fine  powder  when  disturbed,  and  allow  the  thin,  paper-like  plates  to 

exfoliate. 

227.  The  liber,  or  inner  hark  (215),  continues  to  grow  through- 
out the  life  of  the  tree,  by  an  annual  addition  from  the  cambium- 
kyer  applied  to  its  inner  surface.  Sometimes  the  growth  is  plainly 
<&tiRguishable  into  layers,  corresponding  with  or  more  numerous 
ihaa  the  annual  layers  of  the  wood ;  often,  there  id  scarcely  any 
trace  of  such  layers  to  be  discerned.  In  composition  and  appearance 
the  liber  varies  grcally  in  dillcreiit  piimls,*  csi>ecially  in  trees  and 
dinibs.  That  of  Bass-wood  or  Linden,  and  of  other  plants  with 
a  similar  fibrous  bark,  may  be  tiJcen  as  best  representing  the  liber. 
Here  it  consists  of  strata  of  very  ihick-wullcd  cells  alternating  with 
thin-walled  cells.  The  thick- walled  cells  ore  bast-cells  (55,  Fig.  49, 
S3),  are  much  elongated  vertically,  and  Ibrm  the  fibrous  jwrlion  of 


*  The  beet  acooant  c^  iho  liber  ihai  has  jrct  been  given  is  ihat  b;  Mohl, 
m'iti  BeUmiicht  Zeitimg,\a\.U,  p.  873  ( 1 8ri5),  of  which  ft  French  tninshition  is 
f^irti-i1  in  the  AnnaU*  da  Sdau^  KatvrtUes,  Bcr.  4,  Vol.  5,  p.  Ill,  et  seq. 
(W46). 

mlnDle  portion  or  WhlU  Bltcli  buk,  (ha  fork;  liij*r 
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the  bnrk.  The  thin-walled  cells  are  those  of  ordinary  parenchjms, 
mingled,  at  the  inner  pnrt  of  each  stratum,  with  larger  and  longer 
one^  marked  (on  Mmc  sides  at  least)  with  the  thin  and  reticulated 
spots  or  punetunliona  already  dr^ri1>ed  (215).  These  last  may  be 
termed  tlic  proper  ctlh  of  the  liber,  as  they  are  peculiar  to  this  part 
of  the  biirk,  are  seldom  if  ever  absent,  they  contain  an  abundance  rf 
mueilage  and  proleine,  and  in  nil  jirobabilily  they  take  the  principil 
pnrt  in  llic  descending  circulation  of  the  plant,  if  it  may  so  be  called, 
i,  c.  in  conveying  downwards  and  distributuig  the  rich  sap  which  has 
been  elaborated  in  the  foliage.  It  is  eWdent  that  the  bast-cells, 
which  in  Linden  (Fig.  53)  are  seen  to  be  almost  solid,  are  not 
adapted  to  this  puq>ose. 

228.  Tliat  bast-eella  are  not  nn  essential  part,  is  further  evidenl 
Irom  the  fad,  tliat  they  are  allc^iher  wanting  in  the  bark  of  some 
plants,  and  are  not  produced  after  the  first  year  in  many  others.  The 
latter  is  the  case  in  Ncgundo,  where  abundant  bast-celi*,  like  those 
of  Bass-wood,  compose  the  exterior  portion  of  the  first  year's  liber 
(Fig.  194,  1D5,  J),  but  none  whalevcr  is  formed  in  the  subsequent 
layers.  In  Beeches  and  Birches,  aL-o,  a  few  bast-cells  are  produced 
the  first  year,  but  none  afterward^.  In  Maples  a  few  are  formed  in 
Eueeccding  yeais.  In  the  Pear  bast-eells  are  annually  formed,  hot 
in  very  small  quantity,  compared  with  the  parenchymatous  part  of 
the  hbei  In  Pmes,  at  lca^t  m  Wutc  Pme*,  the  bark  is  nearly  as 
homogeneous  as  the  wood,  the  whole  hber,  except  what  answers  to 
the  medullarj  raj-,  con-i-ting  of  oik  kind  of  cUls,  resembling  those 

of  iMu-t  or  of  wood  in  form,  but  agree- 
ing w  illi  the  proper  liber-cells  in  th«r 
structure  and  markings.  Altliough 
tliL  libcr  of  Bnih  produces  no  bast- 
cells  uftir  the  fii'st  year,  it  abounils 
m  short  lells  equally  M>Iidified  by  in- 
tcmnl  d(.]>o-ition,  and  of  a  grilty  tex- 
ture, whiih  niiglit  be  mistaken  for 
""  bast-cells   on    the  cross-section  (Fig. 

201).     A  longitudinal  section  discloses  the  ditTcrencc, 

229.  Tlie  bark  on  old  stems  is  constantly  decaying  or  falling  away 
from  the  surface,  without  any  injury  to  the  tree  ;  just  as  the  beart- 
wood  may  equally  decay  wiihiii  without  luu-iu,  except  by  mecliani- 

lolidlfiel  ua  Induntal  Mils  tram  the  Ubsrof  Iht 
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mipairmg  the  strength  of  ilie  trunk.     Great  difierenws  are 
ibto  OS  to  tlte  lime  and  munncr  in  which  the  older  bark 
different  shrubs  and  trees  is  thrown  off.  Recording  to  the  struc- 
in  carli  Ppecics.     Some  trees  and  slirubs  have  their  trunks  in- 
rested  wilJi  llio  liber  of  many  years'  growth,  although  only  the  in- 
Invert  are  alive ;  in  others  it  scales  off  much  earlier.     On 
9m  Mrm*  of  ihc  common  Honeysuckle,  of  the  Ktne-Bark  (Spinea 
i),  uid  of  Grape-rines  (except  of  our  Muscadine  Grape), 
■  lives  only  one  Bca^on,  and  is  delacUed  the  following  year, 
loose  in  jiapcTy  layers  in  (lie  furmer  species,  and  in  fibrous 
the  latter. 

lile  the  newer  layers  of  the  wood  abound  in  crude  sap, 
ly  convey  to  the  leaves  (224),  those  of  the  inner  bark 
elaborated  «ip  (79,  227),  which  they  receive  from  tlie 
convey  to  the  cambium-layer  or  zone  of  growth.  The 
jnkcA  and  peculiar  products  of  plants  (88)  are  acconlingly 
in  the  foliage  and  the  bark,  especially  in  the  latter.  In  the 
fcnfc,  ihercfgre,  (either  of  the  stem  or  of  the  root.)  medicinal  and 
Mber  jwinciple^  are  usually  to  be  sought,  ratlier  than  in  llie  wood, 
|lfeTcnhel«»,  03  the  wood  is  kept  in  connection  with  the  burk  by 
Mbfl  tncdullaiy  rays,  many  products  wluch  probably  originate  in  the 
tonaer  tuv  depo^^ited  in  the  wood. 

231.  TTU!  lirins  Parts  of  a  Tw  or  Shrub,  of  the  Exogenous  kind,  are 
cbviotbly  only  these: —  Isi.  The  summit  of  the  aiem  and  branches, 
;iritli  the  Imds  which  continue  them  upwards  and  annually  develop 
Urn  Ibtiagr.  2d.  The  fre»h  tips  of  the  roots  and  rootlets  annually 
idncloped  «t  the  opposite  extremity.  3d.  The  newest  strata  of  wood 
'Mai  tmrk,  mid  especially  the  interposed  cambium-layer,  wliich,  annu- 
tllly  rcwwc*!,  maintain  a  living  communication  between  the  rootlets 
|M  ihe  one  hand  and  the  buds  and  foliage  on  the  other,  however  dis- 
length  may  be.  These  are  all  tliat  is  concerned  in  the 
ftrowth  of  the  tree  j  and  these  are  annually  renewed.  The 
of  ench  year's  growth  are,  therefore,  kept  in  fresh  eonunn- 
I,  by  means  of  tlic  newer  layers  of  wood,  with  the  fresh 
vliich  are  alone  active  in  absorbing  the  crude  food  of  the 
tnia  the  solL  The  fluid  they  ab^trb  is  thus  conveyed  directly 
branches  of  tho  season,  which  alone  develop  leaves  to  digest 
nd  thi;  sap  Ihey  reeeive,  liaving  been  ebboraled  and  converted 
tgaoic  nourisfamg  matter,  is  partly  expended  in  the  upward 
new  branches,  and  partly  in  the  formation  of  a  new  liyer 
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of  wood,  reaching  from  the  highest  leaves  to  the  remotest  rootlets.* 
As  the  exogenous  tree,  therefore,  annually  renews  its  buds  and 

*  The  layers  of  wood  and  bark,  by  which  the  exogenous  stem  annaallj  in- 
creases in  diameter,  are  formed  by  the  mnltiplication  of  the  cclb  of  the  cambinm- 
layer  throughout  its  whole  extent.    That  the  organic  material  to  supply  tfaif 
growth  in  ordinary  vegetation  descends  in  the  bark,  for  the  most  part,  and  tfatf 
the  order  of  growth  in  the  formation  of  wood  is  from  above  downwards,  snd 
also  the  general  dependence  of  this  growth  upon  the  action  of  the  foliage,  may 
bo  inferred  from  a  variety  of  facts  and  considerations.    The  connection  of  tfaft 
wood  with  the  leaves  is  shown :  —  (1.)  By  tracing  the  threads  of  soft  woody 
Endogens,  §uch  as  Yucca,  directly  from  the  base  of  the  leaf  into  the  stem,  tnd 
thence  downward  to  their  termination,  towards  which  they  become  attenuated, 
lose  their  vessels,  and  are  finally  reduced  to  slender  shreds  of  woody  tissiiBi 
(S.)  The  amount  of  wood  formed  in  a  stem  or  branch,  other  things  being  eqnsli 
is  in  a  relation  to  the  number  and  size  of  the  leaves  it  bears ;  its  amount  in  any 
portion  of  the  branch  is  in  direct  proportion  to  the  ntmiber  of  leaves  above  tfait 
portion.    Thus,  when  the  leaves  are  distributed  along  a  branch,  it  tapcn  to  te 
summit,  as  in  a  common  Reed  or  a  stalk  of  Indian  Com ;  when  they  grow  in  a 
cluster  at  the  apex,  it  remains  cylindrical,  as  in  a  Palm  (Fig.  184).    Consequcndj 
the  increase  of  the  trunk  in  diameter  directly  corresponds  with  the  number  and 
vigor  of  the  branches.    The  greater  the  development  of  vigorous  bronchos  on  % 
particular  side  of  a  tree,  the  more  wood  is  formed,  and  the  greater  the  thidami 
of  the  annual  layers  on  that  side  of  the  trunk.    (3.)  In  a  seedling,  the  wood 
appears  in  proportion  as  the  leaves  are  developed.    (4.)  If  a  young  brandi  ba 
cut  off  just  below  a  node  (156),  so  as  to  leave  an  intemode  without  leaves  or 
bud,  little  or  no  increase  in  diameter  will  ordinarily  take  place  down  to  the  first 
leaf  below.    But  if  a  bud  be  inserted  into  this  naked  intemode,  as  the  bud  de- 
velops, increase  in  diameter,  with  the  formation  of  new  wood,  recommences. 
That  the  formation  proceeds  from  above  downwards,  or  that  the  elaborated  sap 
which  fumishes  the  material  for  the  growth  is  diffused  from  above  downwards, 
appears  from  the  effect  of  a  ligature  around  exogenous  stems,  or  of  removing  a 
ring  of  bark.    It  is  a  familiar  fact,  that,  when  a  ligature  is  closely  bound  around 
a  growing  exogenous  stem,  the  part  above  the  ligature  swells,  and  that  bdow 
does  not    Every  one  may  have  observed  the  distortions  that  twining  stems  thus 
accidentally  produce  upon  woody  exogenous  trunks,  causing  an  enlaigement  oil 
the  upper  side  of  the  obstraction.    When  the  stem  is  girdled,  by  removing  a 
ring  of  bark  so  as  completely  to  expose  the  surface  of  the  wood,  the  part  above 
the  ring  enlarges  in  the  same  manner ;  that  below  does  not,  tmtil  the  incision  is 
healed.    The  wood  of  the  roots  is  manifestly  formed  in  a  descending  direction. 
But  this  is  continuous  with  that  of  the  stem ;  and  its  first  layer,  the  extension  of 
the  wood  of  the  radicle  into  the  primary  root,  agrees  in  composition  with  the 
wood  of  the  succeeding  layers  in  tlie  stem,  having  no  spiral  vessels,  but  only 
ducts.    Still,  whatever  analogy  there  may  be  between  the  growth  of  the  wood 
in  the  stem  and  of  roots,  there  is  no  real  basis  for  the  ingenious  conception  of 
Thouars  and  of  Gaudichaud,  that  wood  is  the  roots  of  buds  or  leaves,  or  that 
it  is  absolutely  dependent  upon  them  for  its  formation. 
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'  lfttc«,  tU  wood,  bark,  and  roots,  —  everything,  indeed,  fliat  is  con- 
I  ia  its  life  and  growth, — there  Beema  to  be  no  rea-wn,  no 
jr  cauitc  inherent  in  tlio  tree  itself,  why  it  may  not  live  in- 
dcGnitt^ly.  Accordingly,  (omc  trees  arc  known  to  have  lived  for 
tmlvc  Londred  yeara  or  more  i  Jtnd  olhers  now  survive  which  are 
probably  above  two  thousand  yeara  old,  and  perhaps  much  older," 
This  longevity  ceases  to  be  at  all  surprising  when  we  consider,  tlial, 
sUbough  the  tre«  or  herb  is  in  a  certain  Een^e  an  individual,  yet  it 
k  not  ttD  individual  in  the  sense  that  a  man  or  any  ordinary  animal 
il.     Viewed  philosophiwdly, 

232.  The  Plant  is  a  Composite  Being,  or  community,  lasting,  in  the 
eate  of  a  tree  especially,  llirough  an  indefinite  and  often  immense 
nmber  of  generations.  These  are  successively  produced,  enjoy  a 
Urm  at  existence,  and  perish  in  their  turn.  Life  pitsses  onward 
Gontimuilly  from  the  older  to  the  newer  part*,  and  death  follows, 
with  L-qual  step,  at  a  narrow  inlervaL  No  portion  of  the  tree  la  now 
Oving  thai  was  alive  a  few  years  ago  ;  the  leaves  die  annually  and 
■»C«»t  o^  while  the  intemodes  or  joints  of  stem  that  bore  them,  aa 
r  wood  at  least,  buried  deep  in  the  trunk,  under  the  wood 
;  generations,  are  converled  into  lifeless  heart-wood,  or 
J  derayed,  while  the  bark  that  belonged  to  them  ia  thrown 
B  (be  fiurface.  It  is  the  aggregate,  the  blended  ma.ss  alone, 
5  Borrives.  PInnts  of  single  celk,  and  of  a  definite  form, 
ibit  complete  individuality ;  and  their  esislente  is  ex- 
f  brief.  The  more  complex  vegetable  of  a  higher  grade  is 
I  be  compared  with  the  imitnol  of  the  liighest  organization, 
■  the  offiipring  always  separates  from  the  parent,  and  tlie  indl- 
m  >iaijde  and  indivisible.  But  it  is  truly  simihir  to  tlie  bmnch- 
fraibOTCScent  coral,  or  to  other  compound  animals  of  the  lowest 
Lwbere  euccessivo  generations,  though  capable  of  living  inde> 
J  and  sometimes  separating  sponioneonsly,  yet  are  usujilty 
1  in  connection,  bleuded  in  a  general  body,  and  nourished 
in  common.  Thus  the  coral  alructure  is  built  up  by 
I  labors  of  a  vast  number  of  individuals,  —  by  the  suc- 
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132  THE  8TE1C. 

cessivc  labors  of  a  great  number  of  generations.  The  surfivse  or  the 
recent  shoots  alone  are  alive ;  and  here  life  is  superficia],  all  1Inde^ 
neath  consisting  of  the  dead  remains  of  former  generations.  The 
arborescent  species  are  not  only  lifeless  along  the  central  axis,  bnt 
are  dead  throughout  towards  the  bottom :  as,  in  a  genealogical  tree, 
only  the  later  ramifications  are  among  the  living.  It  is  the  same 
with  the  vegetable,  except  that,  as  it  ordinarily  imbibes  its  nourish- 
ment mainly  from  the  soil  through  its  roots,  it  makes  a  downward 
growth  also,  and,  by  constant  renewal  of  fresh  tissues,  maintains  the 
communication  between  the  two  growing  extremities,  the  buds  and 
the  rootlets. 

233.  Indlyidaality  being  imperfectly  realized  in  the  vegetable 
kingdom,  the  question  as  to  what  in  the  Phsenogamous  plant  best 
answers  to  the  animal  individual  is  speculative,  rather  than  practical, 
and  may  be  more  appropriately  noticed  in  another  place.  (Part  11. 
Chap.  I.) 

234.  Comparison  of  Endogenous  with  Exogenons  Strnetnre.    The  woody 

bundles  of  an  exogenous  stem  (Fig.  18G- 188)  continue  to  grow  on 
the  outer  side  as  long  as  the  plant  lives.  In  w^oody  trunks  they  at 
once  become  wedges  with  the  point  next  the  pith,  and  growth  pro- 
ceeds indefinitely  by  the  stratum  of  perpetually  renew^ed  tissue  on 
the  outer  face  between  the  wood  and  the  bark.  Each  wedge  is 
separated  from  its  neighbor  on  both  sides  by  an  interposed  medul- 
lary ray,  and  is  composed  of  wood  on  the  inner  side,  liber  on  the 
outer,  and  cambium  or  forming  tissue  between.  Now  each  thread 
or  bundle  of  endogenous  wood  (204)  is  composed  of  similar  or  anal- 
ogous parts,  someUmcs  irregularly  intermixed,  but  more  commonly 
similarly  disposed.  Tliat  is,  the  section  of  one  of  these  threads  ex- 
hibits woody  tissue  and  one  or  two  spiral  vessels  on  its  inner  border, 
answering  to  the  proper  wood,  aftd  very  thick-walled  elongated  cells 
on  its  outer  border,  of  the  same  nature  as  the  bast-cells  of  Exogens ; 
and  between  the  two  is  a  stratum  of  cells  of  parenchyma  mixed  with 
elongated  and  punctuated  cells  answering  to  the  proper  cells  of  the 
inner  part  of  the  liber.  The  portion  of  each  endogenous  thread, 
therefore,  which  looks  towards  the  centre  of  the  trunk,  answers  to 
the  wood,  and  its  outer  portion  to  the  liber  or  inner  bark,  of  the  ex- 
ogenous stem ;  and  the  parenchyma  through  which  the  threads  are 
interspersed  answers  to  the  medullary  rays  and  pith  together.  The 
main  difference  between  the  endogenous  woody  threads  and  the  ex- 
ogenous woody  wedges  is,  that  there  is  no  cambium-layer  in  the 
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fbnner  between  the  liber  and  the  wood,  and  therefore  no  provision 
for  increase  in  diameter.  The  bundles  are  therefore  strictly  limited, 
vriiile  those  of  Exogens  are  unlimited  in  growth.  In  Exogens  the 
woody  bundles  or  wedges,  symmetrically  arranged  in  a  circle,  be- 
come confluent  into  a  zone  in  all  woody  and  most  herbaceous  stems, 
which  continnes  to  increase  in  thickness.  In  Endogens  the  woody 
bandies  are  unchanged  in  size  after  their  formation,  but  new  and 
distinct  ones  are  formed  in  the  growing  stem  with  each  leaf  it  de- 
Telops,  and  interspersed  more  or  less  irregularly  among  the  older 
bundles. 


CHAPTER     V. 

OP  THE  LEAVES. 

Sect.  I.    Theib  Abrakgement.    (Fhyllotaxis,  etc.) 

235.  The  situation  of  leaves,  as  well  as  their  general  office  in  the 
vegetable  economy,  and  several  of  their  special  adaptations,  has 
already  been  stated.  Leaves  invariably  arise  from  the  nodes  (156), 
jnst  below  the  point  where  buds  appear.  So  that  wherever  a  bud 
or  branch  is  found,  a  leaf  exists,  or  has  existed,  either  in  a  perfect  or 
mdimentary  state,  just  beneath  it ;  and  buds  (and  therefore  branch- 
es), on  the  other  hand,  are  or  may  be  developed  in  the  axils  of  all 
leaves,  and  do  not  normally  exist  in  any  other  situation.  The  point 
of  attachment  of  a  leaf  (or  other  organ)  with  the  stem  is  termed  its 
imtertwn.  Tlie  subject  of  the  arrangement  of  leaves  on  the  stem  has 
received  the  name  of 

236.  Phyllotuls  (from  two  Greek  words,  signifying  leaf-arrange- 
meni). 

237.  As  to  their  general  position,  leaves  are  either  alternate,  oppo- 
tit€yOr  verticiUate.  They  are  said  to  be  a&enwrfc  (127,  and  Fig. 
121,  157,  204)  when  there  is  only  one  to  each  node,  in  which 
ose  the  successive  leaves  are  thrown  alternately  to  different  sides 
of  the  stem.  They  are  said  to  be  opposite  when  each  node  bears 
a  pair  of  leaves,  in  which  case  the  two  leaves  always  diverge 
from  each  other  as  widely  as  possible,  that  is,  they  stand  on  opposite 
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sides  of  the  stem  and  point  in  opposite  directions  (127,  Fig.  107, 
210,  &c.).  They  are  verticiUaU^  or  ufhoriedy  when  there  are  three  or 
more  leaves  in  a  circle  {verticil  or  whorl)  upon  each  node ;  in  wludi 
case  the  several  leaves  of  the  circle  diverge  from  each  other  as  much 
as  possible,  or  are  equably  distributed  around  the  whole  circumfer- 
ence of  the  axis  (Fig.  134,  211).  The  first  of  the  three  is  the 
simplest  as  well  as  the  commonest  method,  occurring  as  it  does  in 
almost  every  Monocotylcdonous  plant  (where  it  is  plainly  the  normal 
mode,  128),  and  in  the  larger  number  of  Dicotyledonous  plants 
likewise,  after  the  first  or  second  nodes  (Fig.  Ill",  121),  It 
should  therefore  be  first  examined. 

238.  Alternate  Leaves.  This  general  term 
for  the  case  where  leaves  are  placed  one  after 
another,  obviously  comprises  a  variety  of 
modes  as  to  the  particular  position  of  succes- 
sive leaves.  There  is,  first,  the  case  to  which 
the  name  is  most  applicable,  viz.  where  the 
leaves  are  alternately  disposed  on  exactly  op- 

•  8  posite  sides  of  the  stem  (as  in  Fig.  157)  ;  the 
second  leaf  being  on  the  side  farthest  from  the 
first,  while  the  third  is  equally  distant  from 
the  second,  and  is  consequently  placed  directly 
over  the  first,  the  fourth  stands  over  the 
second,  and  so  on  throughout.  Such  leaves 
are  accordingly  distichous  or  two-ranked^* 
They  form  two  vertical  rows :  on  one  side 
are  the  Ist,  3d,  5th,  7th,  &c. ;  on  the  op* 
posite  side  are  the  2d,  4th,  Gtli,  8th,  and  so 
on.  This  mode  occurs  in  all  Grasses,  in  many 
other  Monocotyledonous  plants,  and  among 
the  Dicotyledonous  in  the  Linden.  A  second 
mode  is 

239.  The  tristichous  or  three-ranked  ar- 
rangement, which  is  seen  in   Sedges  (Fig. 


*  In  the  course  of  the  summer  the  leaves  of  Baptisia  pcrfoliata,  which  nst 
really  five-ranked,  often  appear  to  be  monostidioua,  or  one-ranked;  but  this  is 
owing  to  a  torsion  of  the  axis. 

FIG.  2QS.  Piece  of  a  stalk,  with  the  sheathhig  baMf  of  the  leftves,  of  a  Sedge-Onn  (Cans 
Cnu-corri),  diowiog  the  three-Tanked  arrangement.  203.  IMagram  of  the  croos-eection  ot  the 
■ame,  ahowiiig  two  Qjcks  of  laavet. 
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Other  Alonoeotyledonous  planU.  Tnking  nay  leaf  no 
with,  and  numbering  it  1,  wo  pn^  round  one  llijrd  of 
the  drcamferencc  of  tlie  stem  as  we  ascend  to  leaf  No.  2  j  onnllier 
third  uf  the  nrcuniference  brings  lu  to  No.  3 ;  another  bringa  ui 
round  to  a  point  eJcaclly  over  JSo  1,  and  here  No.  4  ia  placed.  Kn.  5 
it  in  like  manner  over  No.  2,  and  so  <m.  They  stand,  therefore,  in 
lhre«  rerticnl  rowii,  one  of  whicli  contoina  tlie  numbers  1,  4,  7,  10; 
Mother,  2,  5,8,  II;  the  thinl,  3,  G,  9,  12,  and  eo  on.  If  we  draw  a 
line  frum  (lie  injiertion  of  one  leaf  to  thai  of  the  next,  and  so  on  lo 
(he  tliird,  fourth,  and  the  rest  in  sucec^on,  it  wilt  be  j^rcetved  tliat 
il  winds  around  ihe  stem  spirally  as  it  ascends.  In  the  firat  or  dls- 
tirfaoud  mode,  ihe  second  leaf  is  separated  from  the  preeedi.ig  by  half 
the  dmimfcrencc  of  the  stem ;  and,  having  completed  one  turn 
reaid  the  wtem,  the  third  begins  a  t^econd  turn.  In  the  trislichous, 
each  fcaf  is  separaled  from  the  preceding  and  suececding  by  one 
third  of  llie  circumference,  there  are  three  leaves  in  one  turn,  or 
I  tyde,  and  tlie  fourth  commences  a  second  cycle,  which  goes  on  in 
{  the  Mine  way.  Tliat  is,  the  angnilar  divergenee,  or  arc  interposed 
\  between  lli«  insertion  of  two  succeBsive  leaved,  in  the  first  is  j-,  in  tlie 
teeond  i,  of  the  circle.  These  fractions  severally  represent,  not 
oily  the  angle  of  divergence,  but  the  whole  plan  of  ttiese  two  modes ; 
Ae  BBtmrraior  denoting  the  number  of  times  the  spiral  lino  winds 
MKid  the  iient  before  it  brings  a  leaf  directly  over  the  one  it  began 
•ilh ;  while  tlie  dtmominator  cxpitrsses  the  number  of  leaves  llmt 
m  laid  down  in  this  course,  or  which  form  each  cycle.  The  two- 
tanked  mode  (J)  is  evidently  the  simplest  possible  case.  The  three- 
mkrd  (^)  ia  the  next,  and  the  one  in  which  the  spiral  character  of 
%t  amngiincnt  begins  to  be  evident.     To  this  succeeds 

S40.  Tlie  pmtattichout,  qmnewunal,  or  five-ranked  arrangement 
{Tig.  20-1,  205).  This  is  much  the  most  common  cose  in  alternate- 
Wrad  JXcotylcdonona  plants.  Tlic  Apple,  Cherry,  and  Poplar 
rfM  nady  examples  of  it.  Here  there  are  five  leaves  in  each 
qnle^  nocc  we  must  pass  on  to  the  sixth  before  we  find  one  placed 
lotitally  over  Iho  first.  To  reach  this,  the  ascending  spu^  line  has 
Mil  two  revolutions  round  tlie  stem,  and  on  it  the  five  leaves  are 
(^■bly  distributed,  at  intervals  of  f  of  the  circumference.  The 
■afao  {  accordingly  expresses  the  angular  divei^etice  of  the  sue- 
mire  IraiTcs  ;  the  numerator  indicates  the  number  of  turns  made 
I   fc  naplMing  the  c>'*^le,  and  the  denominator  gives  the  number  of 


liia  Ihe  eyde,  or  (he  number  of  vertical  ranks  of  leaver 


such 
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a  stem.    1£  we  shorten  the  axis,  as  it  was  in  the  bnd,  or  make  a 

horizontal  plan,  we  have 
the  parts  disposed  as  in  the 
diagram,  Fig.  206,  the  low- 
er leaves  being  of  course 
the  exterior. 

241.  The  eight-ranked 
arrangement,  the  next  in 
order,  is  likewise  not  un- 
common. It  is  found  in 
the  Holly,  the  Callistemon 
of  our  conservatories,  the 
Aconite,  the  tuft  of  leaves 
at  the  base  of  the  common 
Plantain,  &c.  In  this  case  the  ninth  leaf  is 
placed  over  the  first,  the  tenth  over  the  second, 
and  so  on ;  and  the  spiral  line  makes  three  turns 
in  laying  down  the  cycle  of  eight  leaves,  each 
separated  from  the  preceding  by  an  arc,  or  an- 
gular divergence,  of  f  of  tlie  circumference. 

242.  All  these  modes,  or  nearly  all  of  theifa, 
were  pointed  out  by  Bonnet  as  long  ago  as  the  middle  of  the  last 
century  ;  but  they  have  recently  been  extended  and  generalized,  and 
the  mutual  relations  of  the  various  methods  brought  to  light,  by 
Schimper,  Braun,  and  others.  If  we  write  down  in  order  the  series 
of  fractions  which  represent  the  simpler  fonns  of  phyllotaxis  alrea^ 
noticed,  as  determined  by  observation,  viz.  J,  J,  f ,  f ,  we  can  hardly 
fail  to  perceive  the  relation  that  they  bear  to  each  other.  For  the 
numerator  of  each  is  composed  of  the  sum  of  the  numerators  of  the 
two  preceding  fractions,  and  the  denominator  of  the  sum  of  the 
two  preceding  denominators.  Also  the  numerator  of  each  fraction  is 
the  denominator  of  the  next  but  one  preceding.  Extending  this 
series,  Ave  obtain  the  further  terms,  -j^,  /j,  ^f ,  f  ^,  &c.  Now  these 
numbers  are  verified  by  observation,  and,  with  some  abnormal  excep- 
tions, this  series  J,  J,  f ,  f ,  ^,  j^,  j^f ,  f  ^,  comprises  all  the  varia- 

FIG.  204.    A  branch  exhibiting  the  five-ranked  arrangement  of  leares. 

FIG.  906.  Diagram  of  the  same :  a  spiral  lino  is  drawn  ascending  the  item,  and  pMrfog 
through  the  eucoessiTo  scan  which  marlc  the  position  of  the  leaves  from  1  to  6.  It  is  made  a 
dotted  line  where  it  passes  on  the  opposite  side  of  the  stem,  and  the  scars  2  and  5,  which  fUI 
on  that  ride,  are  made  fhinter.  20G.  A  plane,  horizontal  projection  of  the  same ;  the  dotted 
line  passing  from  the  edge  of  the  first  loaf  to  the  second,  and  so  on  to  the  fifth  leaf,  whioh 
completea  the  cycle ;  as  the  sixth  would  come  directly  before,  or  within,  the  first 
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tloDS  of  the  smtngement  of  alternate  leaves  tliat  actually  occnr. 
TlMTse  higher  forms  ore  Iho  [uost  common  where  the  leaves  are 
a  the  stem,  as  in  the  rosettes  of  the  Ilouseleek  (Pig.  207), 
!  scales  of  the  Pine-cones  (fur  the  ar- 
it  GXlcnds  to  all  ports  that  are  moi^- 
«  of  leaves),  or  where  they  are  numerous 
tni  small  in  proportion  to  the  circumfercDce  of 
the  stem,  as  the  leaves  of  Firs,  &c  In  fact, 
when  llie  intemodes  are  long  and  the  ba«e  of 
tbe  K-a^-cj  large  in  proportion  to  the  size  of  the 
turn,  it  is  difficult,  and  often  impossible,  to  tell 
whether  the  8th,  13lh,  or  2l8t  leaf  stands  ex-  "^ 

attly  over  the  first.  And  when  the  intemodes  are  very  short,  eo 
that  the  leaves  touch  one  another,  or  nearly  so,  we  may  readily  per- 
Grive  what  leaves  are  superposed  ;  but  it  is  then  difliruU  to  follow 
the  cuecesdon  of  the  intermediate  leaves.  The  order,  however,  m^ 
be  deduct  by  simple  processes. 
243>  Sometimes  we  can  reailily  count  the  ntunber  of  vertical 
]f  which  gives  the  denominator  of  the  fraction  sought.  Thus,  if 
e  dght,  we  refer  the  case  to  the  f  armngement  in  the  regu- 
w ;  if  there  are  thirteen,  to  the  -f^  arrangement,  and  so  on. 
nly,  however,  when  the  leaves  are  crowded,  the  vertical  ran^ 
f  DO  noeanfi  so  manifest  as  two  or  mora  orders  of  obliijue  ecn'^ 
t  ipirah,  which  are  at  once  seen  to  wind  round  the 
fin  opposite  directions,  as  in  iho  Houscleek  (Fig.  307  ;  where 
ntht^rg,  1,  6,  II  belong  to  a  spu^  that  winds  to  the  lell ;  1, 
Llo  another,  which  winds  to  the  right;  and  3,  6,  9,  12  to  still 
r,  tliat  winds  in  llie  same  direction)  :  they  are  still  more  ob- 
I  Pine-cones  (Fig.  208,  209).  These  oblique  spiral  ranks 
■necessary  consequence  of  the  regular  ascending  nrrangement 
la  with  eqnal  intervals  over  the  circumference  of  the  axis  :  and 
f  leaves  are  numbered  consecutively,  these  numbers  will  neces- 
yatand  in  arithmetical  progression  on  the  oblique  ranks,  and 
I'Benain  obvious  relations  wilh  the  primary  spiral  which  origi- 
s  will  be  seen  by  projecting  them  on  a  vertical  plane. 
.  Take,  for  example,  the  quincunieal  (^)  arrangement,  "where, 
i  the  annexed  diagram,  the  ascending  spiral,  ns  written  on  a 
f  aur&ce,  appears  in  the  nimibers  1,  S,  3,  4,  5,  6,  and  so  on: 


136  THE  LBA.TK8. 

Ha  vertical  ranks  thus  formed,  beginning  with  the  lowest  (which 
1)  we  place  in  the  middle  column,  that  it 

§11  ^     may  correspond  with  the  Larch-cone,  F\j^ 

u    "  208,  where  the  lowest  scale,  1,  is  turned 

(  directly  towards  the  observer),  ore  neces- 

,     *  sarily  the  numbers  1, 6, 11 ;  4, 9, 14 ;  2, 7, 

1      *        12 ;  5,  10,  15 ;  and  3,  8,  13.    But  two 
■  parallel  oblique  ranks  are  equally  apparent, 

ascending  to  the  lefl ;  viz.  1,  S,  5,  which,  if  we  coil  the  diagram 
round  a  cylinder,  will  be  continued  into  7,  9, 11, 13, 15  ;  and  alw 
2,  4,  6, 8, 10,  which  runs  into  12, 14,  and  so  on,  if  the  axis  be  further 
prolonged.  Here  the  circumference  is  occupied  by  two  secondary 
letVlumd  Bcrie.t,  and  we  notice  that  the  common  difference  in  the 
sequence  of  numbers  is  two :  that  is,  the  number  of  the  parallel  seo- 
gndary  spirals  is  the  same  as  the  common  difference  of  the  numbeis 
on  the  leaves  that  compose  them.  Again,  there  are  other  parallel 
secondary  spiral  rank^,  three  in  number,  which  ascend  to  the  right ; 
viz.  1,  4,  7,  continued  into  10,  13  ;  3,  6,  9, 12,  continued  into  15 ; 
and  5,  8,  ll,14,&c. ;  where  again  the  common  difference,  3,  accords 
with  the  number  of  such  ranks.  This  fixed  relation  enables  us  to 
lay  down  tbo  proper  numbers  on  tiie  leaves,  when  too  crowded  fw 
directly  following  their  succession,  and  thus  to  ascertain  the  order  cf 
the  primary  spiral  series  by  noticing  what  numbers  come  to  be  super- 
posed in  tlie  vertical  ranks.  We  take,  for  example,  the  very  sinipls 
cone  of  the  small-fruited  American  Larch  (Fig,  208),  which  usually 
completes  only  two  cycles ;  for  we  see  that  the  lowest,  one  interm©. 
diate,  and  the  lughest  scale,  on  the  side  towards  the  obacrver,  stand 
in  a  vertical  row.  Marking  this  lowest  scale  1,  and  counting  the 
parallel  secondary  spirals  that  wind  to  the  left,  we  find  that  two 
occupy  the  whole  circumference.  From  1,  we  number  on  the  scales 
of  tliat  spiral  3,  5,  7,  and  so  on,  adding  the  common  difference  2,  at 
each  step.  Again,  counting  from  the  base  the  right-hand  secondary 
spirals,  we  find  throe  of  them,  and  therefore  proceed  to  number  the 
lowest  one  by  adding  this  common  difference,  viz.  1,4, 7, 10 ;  then,  pass- 
ing to  the  next,  on  which  the  No.  3  has  already  been  fixed,  we  cony 
on  thA  sequence,  6,  9,  &c. ;  and  on  the  third,  where  No.  5  is  already 
fixed,  we  continue  the  numbering,  8,  II,  &c  This  gives  us,  in  the 
vertical  rank  to  which  No.  1  belongs,  the  sequence  1,  G,  11,  showing 
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le  urangement  is  of  the  qnincnndal  ({)  order.  It  ie  fiuther 
ible,  that  tbe  smaller  number  of  parallel  eecondarj  eplrals,  2, 
with  the  numerator  of  the  fraction  in  this  the  |  anangemeDt  t 
Bt  thia  number  added  to  that  of  the  parallel  secraidar;  ipirals 
wind  in  the  opposite  direcdon,  viz.  8,  ^vea  the  denominate 
badioa.  This  holds  good  throaghont ;  so  that  we  have  fxHy 
at  the  number  of  parallel  secondary  spirals  in  the  two  direc- 
nd  assume  the  smaller  number  aa  the  numerator,  and  the  sum 
feriieai  Project (on  aflhe^ 
Arrangemetl. 


^Ammge- 


I  and  the  larger  number  as  the  denominator,  of  the  fraction 
expresses  the  angular  dirergence  sought.    For  this  we  must 


U     A  eoH  of  Uh  Whit*  FIh,  OD  which  t 

trt  Hcen^Bc  10 tb*  tt^i;  twooribslli 

k>d  wUh  dotted  Ham :  Um  Ht  >lth  tbs  oimmon 

I  (is  wnffMi^  dlBnim  3,  In  th«  other,  ub  Teij  mi 


imban  u*  llld  don,  ind  tha  laiUai 
eommOD  dUbnoa  S  in  mukgd  b] 
it  (rind  Is  tba  oppadta  dlnctkn  ui 
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take,  however,  the  order  of  secondary  spirals  nearest  the  vertical 
rank  in  each  direction,  when  there  are  more  than  two^  as  there  are 
in  all  the  succeeding  cases. 

245.  A  similar  diagram  of  the  f  arrangement  introduces  a  s^of 
secondary  spirals,  in  addition  to  the  two  foregoing,  ascending  in  a  nea^ 
er  approach  to  a  vertical  line,  and  with  a  higher  conunon  difference^ 
viz.  5.  There  are  accordingly  ^yq  of  this  sort,  viz.  those  indicated 
in  the  diagram  by  the  series  1,  6, 11,  16 ;  4,  9,  14, 19,  24 ;  2,  7, 12; 
17, 22  ;  5, 10, 15,  20, 25  ;  and  3, 8, 13, 18, 23.  The  highest  obvioui 
spiral  in  the  opposite  direction,  viz.  tliat  of  wliich  the  series  1,  4^  7, 
10,  13  is  a  specimen,  has  the  common  difference  3,  and  gives  the 
numerator,  and  3  -j-  5  the  denominator,  of  the  fraction  f .  The  next 
case,  -j^,  which  is  exemplified  in  the  rosettes  of  the  Houseleek  (Fig; 
207)  and  in  the  cone  of  the  White  Pine  (Fig.  209),  introduces  a 
fourth  set  of  secondary  spirals,  eight  in  number,  with  the  conunon 
difference  eight,  viz.  that  of  which  the  series  1,  9,  17,  25  is  a  repre- 
sentative. The  set  that  ansAvers  to  tliis  in  the  opposite  direction, 
viz.  1,  6,  11,  16,  21,  26,  with  the  common  difference  5,  gives  the 
numerator,  and  5  -j-  8  the  denominator,  of  the  fraction  -j*^.  We  may 
here  compare  the  diagram  with  an  actual  example  (Fig.  209) :  a 
part  of  the  numbers  are  of  course  out  of  sight  on  the  other  side  rf 
the  cone.     The  same  laws  equally  apply  to  the  still  higher  modes. 

246.  Tlie  order  is  uniform  in  the  same  species,  but  often  yarioas 
in  allied  species.  Thus,  it  is  only  f  in  our  common  American  Larch; 
in  the  European  species,  /j.  The  Wliitc  Pine  is  -^,  as  is ,  also  the 
Black  Spruce ;  but  other  Pines  with  thicker  cones  exliibit  in  differ- 
ent species  the  fractions  ^,  ^£,  and  f  ^.  Sometimes  the  primitive 
spiral  ascends  from  left  to  right,  sometimes  from  right  to  left-  One 
direction  or  the  other  generally  prevails  in  each  species,  yet  both 
directions  are  not  unfrequently  met  with,  even  in  different  cones  of 
the  same  tree. 

247.  "Wlien  a  branch  spring  from  a  stem  or  parent  axis,  the  sju- 
ral  is  continued  from  the  leaves  of  the  stem  to  those  of  the  branch,  so 
that  the  leaf  from  Avhose  axil  the  branch  arises  begins  the  spire 
of  that  branch.  "When  the  spire  of  the  branch  turns  in  the  same 
direction  as  that  of  the  parent  axis,  as  it  more  commonly  does,  it  is 
.said  to  be  homodromous  (from  two  Greek  Avords,  signifying  Rk$ 

course)  :  when  it  turns  in  the  opposite  direction,  it  is  said  to  be 
Iieterodrojnous  (or  of  different  course), 

248.  The  cases  represented  by  the  fractions  J,  i,  and  J  are  the 
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stable  «nd  cerUln,  a*  well  as  the  onsie^t  to  obaerve.  In  the 
Itigfaer  form?,  llie  exact  order  of  supierpoaition  often  becomes  uncer- 
tain,  owitig  to  a  Blight  torsiun  of  the  »xi^,  or  to  the  difficuhy  of 
obserring  whether  tlie  9th,  14tli,  21sl,  35th,  or  56lh  leaf  is  truly 
the  first,  or  a  little  to  tbo  one  side  or  the  other  of  the  Tertical 
Imln-d,  if  we  expresa  the  angle  of  divergence  in  degrees  and 
we  perceive  that  the  difference  is  so  smaU  a  port  of  the 
■oce,  Uiat  a  vciy  elight  change  will  sub^titnte  one  order  for 
The  divergence  in  -^  =  138°  24'.  In  all  those  beyond, 
plus  a  variable  number  of  minutes,  which  approaches 
nearer  to  30'.  Hence  M.  Bmvais  considers  all  these  as 
■rations  of  one  typical  arrsmgemeDt,  namely,  with  the  angle 
:e  137°  30'  28",  which  is  irrational  to  the  circumference, 
not  capable  of  dividing  it  an  exact  number  of  times,  and  con- 
ly  nercr  bringing  any  leaf  precisely  in  a  right  line  over  any 
leaf,  but  placing  tlie  leaves  of  what  wo  take  for  vertical 
Itcmalely  on  both  sides  of  tliis  line  and  very  near  it,  approach- 
and  more,  without  ever  exactly  reaching  it.  These 
'of  nirangement  he  therefore  distinguishes  aa  curviseriaJ,  be- 
leaves  ore  thus  disposed  on  on  infinita  curve,  and  are 
ight  into  exactly  straight  ranks.  The 
riliss  »rK  correspondingly  termed  rtctUeTtat, 
bcatnsc,  as  tlie  divergence  is  an  integral  part 
gf  ihe  circumference,  the  leaves  are  necessarily 
boogiil  into  rectilineal  ranks  for  the  whole 
Ici^h  of  the  etcm. 
S49.  A  diSercnt  scries  of  spirals  sometimes 
in  xltemale  leaves,  viz.  \,  |.  J,  iV'  ""^ 
have  been  detected;  but  these  are 
exceptional  cases. 

Uara   (237,  Fig.  210).     In 

Imost  without  exception,  tlie  second  pair 

3ver  the  intervals  of  the  first,  the  third 

mtervals  of  the  second,  and  so  on. 

fiommooly,  as  in  plants  of  the  Labiate 

Fiunily,  the  successive  pairs  cross  each 

iszactty  at  right  angles  eo  that  the  third 

directly  over  the  first,  the  fourth  "" 

second,  Sk^  forming  four  equidistant  vertical  ranks  for  the 

no.  HO.    OniMMI«n>ci[tbaSUmvb«Tr-biuti,o[E 
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whole  length  of  the  stem.  In  thu  cue,  the  leaves  are  Hid  to  bs 
dtmuate.  la  other  cases,  as  in  the  Pink  Family,  often  the  niccet- 
aive  p&irs  deviate  a  little  front  tlua  Iine,n 
that  we  have  to  pass  seTerol  pairs  befon  ve 
reach  one  exactly  superpoeed  over  the  psir 
we  start  with.  This  indicates  a  spiral  ■^ 
raugement,  which  fells  into  some  one  of  tht 
modes  already  illustrated  in  alternate  kam 
only  thut  here  each  node  bears  a  pair  of 
leaves. 

231.  TcfUcfllale  or  Wlioihd  letra  (Fig.  211) 
follow  the  same  modes  of  arrangement  as  0^ 
poeite  leaves.  Sometimes  they  dectutate,  or  the  loaves  of  one  whod 
correspond  to  the  intervals  of  that  underneath,  mnVing  twice  H 
many  vertical  ranks  as  there  ore  leaves  in  the  whorl ; 
sometimes  they  wind  spirally,  so  that  each  leaf  of  the 
whorl  belongs  to  as  many  parallel  spirals,  analogous 
to  the  secondary  spirals    in   the  cose  of  alternate 


252.  The  oppositdon  or  allemation  of  the  leaves  is 
generally  constant  in  the  same  species,  and  often 
through  the  same  fiimily ;  yet  both  modes  occasionally 
occur  on  the  eamo  stem,  as  in  tlie  common  Snap- 
dragon tmd  the  Ikfyrtle.  All  Exogcns,  having  their 
cotyludons  opposite,  necessarily  commence  with  that 
mode  (Fig.  103 -125);  many  retain  it  throughout; 
others  cliange  to  alternation,  either  directly  in  the 
primordial  leaves  (Fig.  Ill",  121),  or  at  a  later 
period.  In  Endogens,  on  the  contrary,  the  first  leaves 
are  necessarily  alternate  (128),  and  it  is  seldom  that 
they  afterwards  exhibit  opposite  or  whorled  leaves. 
The  Pine  in  germination  commences  with  a  whorl  of 
leaves  (Fig.  133,  134)  ;  but  the  subsequent  ones  ore 
alternate.  The  Pine,  however  (Fig.  212),  and  the 
Larch,  bear  what  ore  termed  ** 

253.  Pucfcled  LearcL  These  ore  really  the  leaves  of  an  axil- 
lary bud.     They  remain  in  a  tuft  or  cluster  because  the  axis  of 

FIO.  3U.    VKdollUtaOTvlHnMlwmartOilhiiaorlMitnir. 

no.  US.  FlnotKbiuKblBtoiritati  rim.wKti  iliTM  I«iiM  Id  >  (Uclck  or  bDorU*.  la 
tbsull  oft  tUn  Mala  (alThkb  uusmloa  primirj  Imf.  Thn  bandle  li  inmiiDikd  mt  Ifaa 
IwB  bf  m  rint  dMlb,  ftcmid  of  tlH  dsllrsM  MtiM  DC  Uu  uiUuT  bud. 
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t  does  not  lengthen.      Tlii.4  is  plainly  eeen  in  the  spring 
tof  the  Barberry  wid  of  the  Larch  (Fig.  213),  crowdeil  on 
Pf^UTS,  some  of  nliieh  soon  elongate  into  ordiutuy  shoots  witli 
1  alternate  leave^i.     Tfieir 
nature  is  Ic^  evident  in  Pine?,  on 
•ecoant  of  the  peculiar  eharaclcr  of 
die  leftvea  of  the  main  axi^,  from 
vboM  axil  the  tuft  of  two,  three,  or 
txv  IcaTcs  Brisei>,  the  primary  leaf 
in  this  case  being  a  thin  and  dmfly 
mk  (Fig.  212,  a)  whiA  soon  fulls 
rf^  while  the  actual  foliage  all  be-  ™ 

longs  lo  the  axillary  dusters.  So  in  the  common  Barberry  the  prop- 
er kavea  of  the  lengthened  stems  are  chiejiy  in  iha  form  of  spines 
(F^  296),  and  the  actual  foliage  appears  in  fudcicks  in  their  axils. 
i&i.  As  regards  their  general  position  on  the  stem,  leuves  ure  Bcud 
to  be  radiral,  when  they  are  borne  on  the  stem  at  or  below  llio  siir- 
&ee  of  tbe  ground,  bo  as  apparently  to  grow  from  the  root,  as  (hose 
rf  the  Bloodroot,  Plantain,  Primrose,  and  of  the  acaulesecut  (15-1) 
Vuletd :  those  that  arise  along  the  main  slem  ure  termed  cavlint ; 
tboK  of  the  branches,  raiaeal ;  and  lliose  which  sUmd  upon  or  at 
A«  hue-  of  flower-bronebca  are  culled  floral ;  the  latter,  moreover, 
M  genefaUy  termed  bracts. 

i&3.  With  rc*i)ect  to  succession,  those  leaves  which  manifestly 
CBnst  in  tlic  embryo  aro  called  letninal;  tlie  first  or  original  pair 
nccning  the  name  of  eoftfledon*  (120),  and  usually  differing  wide- 
ifia  nppranuire  from  the  ordinary  leaves  which  succeed  tbem. 
Tk  earl>e:>t  ordinary  leaves  are  termed  primordial,  Tliese,  as  well 
■  (be  eotyledons,  usually  perish  soon  ailer  others  ore  developed  to 
Kg^j  their  place. 

SiSfi.  As  pertaining  to  the  arrangement  of  leaves,  wo  should  hero 
tatajL  tl>e  modes  in  which  they  are  diiipoaed  before  expansion  in 
A<  Uul ;  namely,  their 

M7.  TrniatiaD  or  PnefaUation.  Tlie  latter  is  the  moat  eharacter- 
ijtie  njitn<-,  but  the  fonner,  given  by  Liraueus  (literally  denoting 
tVir  tpring  state),  is  the  more  ancient  and  usual  Two  lliinga  are 
iBcloded  under  tins  head :  —  Ist,  the  mode  in  which  each  leaf  con* 
■dercd  n-paralely  i^  disposed ;  2d,  the  airangement  of  the  several 
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leaves  of  the  same  bud  in  respect  to  each  other.  This-  last  is  en- 
dentlj  connected  with  phyllotaxis,  or  their  position  and  order  of 
succession  on  the  stem.  As  to  the  first,  leaves  are  for  the  most 
part  either  bent  or  folded^  or  rolled  up  in  vernation.  Thus,  the 
upper  part  maj  be  bent  on  the  lower,  so  that  the  apex  of  the  leaf 
is  brought  down  towards  the  base,  as  in  the  Tulip-tree,  when  the 
leaves  are  injlexed  or  reclinate  in  vernation ;  or  the  leaf  maj  be 
folded  along  its  midrib  or  axis,  so  that  the  right  half  and  the  left 
half  are  applied  together,  as  in  the  Oak  and  the  Magnolia,  when 
the  leaves  arc  conduplicate  ;  or  each  leaf  maj  be  folded  up  a  cer- 
tain number  of  times  like  a  fan,  as  in  the  Maple,  Currant,  and  Mne, 
when  they  are  said  to  be  plicate  or  plaited.  The  leaf  may  be 
rolled  cither  parallel  with  its  axis,  or  on  its  axis.  In  the  latter  case 
it  is  spirally  rolled  up  from  the  apex  towards  the  base,  like  a  crosier, 
or  ctrcinnate,  as  in  true  Ferns  (Fig.  100),  and  among  Phasnoga- 
mous  plants  in  the  Drosera  or  Sundew.  Of  the  former  there  are 
three  ways  ;  viz.  the  whole  leaf  may  be  laterally  rolled  up  fit)m  one 
edge  into  a  coil,  with  the  other  edge  exterior,  when  the  leaves  sre 
said  to  be  convolute,  as  in  the  Apricot  and  Cherry ;  or  both  edges 
may  be  equally  rolled  towards  the  midrib ;  either  inwards,  when 
they  are  involute,  as  in  the  Violet  and  the  Water-Lily ;  or  else  out- 
wards, when  they  are  revolute,  as  in  the  Rosemary  and  Azalea.  Fig. 
214-219  arc  Linnsean  diagrams  of  sections  of  leaves,  illustrating 
the  principal  modes  of  vernation. 

258.  Considered  relatively  to  each  other,  leaves  are  valvaie  in 
vernation  when  corresponding  ones  touch  each  other  by  their  edges 
814  as  216  only,  without  overlap- 

pmg :  they  are  imM" 
cated  when  the  outer 
successively  overlap 
the  inner,  by  their 
edges  at  least,  in  which 
case  the  order  of  oveiv 
lapping  exhibits  the 
MT  ^  218  phyllotaxis,   or   order 

of  succession  and  po- 
sition.   In  these  cases 
the  leaves  are  plane  or  convex,  or  at  least  not  much  bent  or  rolled. 

FIG.  214.    CondapUcate;  215.  PUcata  or  plaited;  216.  Conrolute;  217.  Reroluto;  218. 
InTYduta ;  and,  219.  drdnatoi  Ternatiain. 
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nleavea  with  tbeir  margins  involute  are  applied  together  in  a 
^  circle  wlihoiil  overlapping,  the  vemalion  is  indupUcaie.  AVhra,  in 
\  conduplicato  leaves,  the  outer  successively  embrace  or  sit  astride  of 
\  iboM  next  trilhin,  the  vcntation  Is  eguitani,  aa  the  leaves  of  the  Iris 
i  U  tbelr  base  (Fig.  296) ;  or  when  each  receives  in  its  fold  the  lialf 
jflf  acarn»}ionding  leaf  folded  in  the  game  manner,  the  vernation  ia 
kay-t^tant  or  oh-olale.  These  terms  equally  apply  to  leaves  in 
ibetr  full-grown  condition,  whenever  they  are  then  so  situated  as  to 
I  onriio  or  embrace  one  another.  They  likewise  apply  to  the  jiarts 
I  in  Uie  flower'bud,  under  the  name  of  xsLivation  or  prsefloration. 
t  Oup.  IX.  SecL  V. 


lb" 


II.      TUEIK   StBCCTURE   and    CONFORMXTIOK. 


4M.  Anlomy  or  the  Leaf.  The  complete  leaf  consists  of  the 
Blade  {Laininn  fir  Limb,  Fig.  229,  h),  with  its  Petiole  or  I^af- 
tfoA,  p,  nnd  at  its  base  a  pair  of  Stipules,  xt.  Of  these  the  latter 
■m  fK-qnently  absent  altogether,  and  in  many  cases  where  they 
tti^nally  exiftl  they  fall  away  aa  the  leaf  expands.  The  petiole  is 
T07  often  wanting ;  when  tlic  leaf  is  fesiiU,  or  has  its  blado  resl- 
ng  Immedhitely  on  the  stem  that  bears  it  (aa  in  Fig.  210,  211). 
BMnciimej,  moreover,  there  is  no  proper  blade,  but  the  whole  organ 
ii  eyljodricitl  or  stalk-like.  It  is  the  general  chamctenstic  of  the  leaf, 
koverer,  Itiat  il  is  an  expanded  body.  Indeed,  it  may  he  viewed  as 
loBntrirance  for  increasing  the  gii-en  surface  of  a  plant,  so  as  to 
eipwe  to  Ihc  light  and  air  the  greatest  praetiuahle  amount  of  parcn- 
el^Kta  contiuning  the  green  matter  of  vegetation  {chlorophyll,  02), 
Bpon  whiii^h  the  liglit  exerts  its  peculiar  action.  Leaves  as  foUage, 
tmr£ngly,  are  what  we  are  now  principally  lo  consider 

2H.  In  a  general,  mechanical  wa}',  it  may  be  said  leaves  are  defi- 
lite  pmtrusiona  of  the  green  layer  of  the  bark,  expanded  horizon- 
ttHy  into  A  thin  lamina,  and  stilfened  by  tongh,  woody  fibres  (con- 
tmed  both  witli  the  liber,  or  inner  b.irk,  and  the  wood),  which  form 
in  frmncwork,  ribt,  or  reiiu.  Like  the  stem,  ihercfbrc,  the  Iciif  is 
■idb  Up  of  two  distinct  parLi,  the  rtUular  and  tlie  woody.  The 
■Bakr  fxution  is  the  green  puip  or  parenchyma:  the  woody,  is  the 
MHob  or  fiamework  which  ramifies  among  and  strengthens  the 
fava.  TI1C  woody  or  fibrous  portion  fulfils  the  same  purposes  in 
■k  leaf  M  in  the  stem,  not  only  giving  firmness  and  support  to  tl 
13 
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delicate  celluliir  nppRnitus,  but  nlso  Gerving  for  tho  conveTBDce  and 
dbtributioa  of  the  sap>  The  BubdiTision  of  these  riht,  or  veiru,  tX 
the  leaf,  as  they  arc  not  inappropriately  called,  continues  bejood 
the  limits  of  unassisted  vision,  until  the  bundles  or  threads  of  wood; 
tissue  are  reduced  to  very  delicate  fibres,  ranufied  throughout  the 
green  pulp. 

261.  Tho  cellular  portion  of  the  leaf  consists  of  thin-walled  cells 
of  loose  parenchyma,  containing  grains  of  cfdorophyU,  to  which 
the  green  color  of  foliage  is  entirely  owing.  The  cells  are  not 
heaped  promiscuously,  but  cxliibit  a  regular  arrangement ;  upon  a 
plan,  too,  wlitcli  Tories  in  different  parts  of  the  leaf,  according  (o  the 
different  conditions  in  which  it  is  placed. 

262.  Leaves  are  almost  always  expanded  horizontally,  so  as  to 
present  one  surface  to  the  ground  and  the  other  to  the  sky ;  aod 
the  parenchyma  forms  two  general  strata,  one  belonging  to  the 
upper  and  the  other  to  the  lower  side.  The  microscope  displays  a 
manifest  difference  in  the  parenchyma  of  these  two  strata.  That 
of  the  upper  stratum  is  composeii  of  one  or  more  compact  Uyers  of 
oblong  cclli,  placed  endwise,  or  with  their  long  diameter  perpen- 
dicular to  the  surface ;  while  that  of  the  lower  stratum  is  very  loosely 
arranged,  leaving  numerous  vacant  spaces  between  the  cells  ;  and 
when  the  cells  are  oblong,  their  longer  diameter  is  parallel  with  the 
epidermis  This  is  shown  m  Fig  7,  which  represents  a  magnified 
section  through  tlie  thickness  (perpendicular  to  the  surface)  of  a 
leaf  of  the  Star-Anisc  of  Flonda,    wliere  the   upper  Mratum  of 

partnchymn  consists  of  only  a 
single  scrioa  of  perpendicular 
eella  ALo  in  Fig  220,  which 
repre-i-ots  a  similar  %iew  of  a 
thin  =bcc  of  a  leaf  of  the  Gar- 
den BaUijm  Fig  221  repre- 
sents a  piece  cut  out  of  a  leaf 
of  tho  "While  Lily ,  where  the 
upper  stratum  is  composed  of 
*"  only  one  compact  layer  of  ver- 

tical cells.  The  parenchyma  is  alone  represented ;  the  woody  por- 
tion, or  vems,  being  left  out.     The  more  compact  structure  of  the 

no.  2S0.  UlgslBed  Kction  (hntigh  th«  tbIcliDHS  of  a  l«r  of  Che  Oirdm  Bilaun  :  a,  HO- 
tlon  of  the  eptdsniiti  of  tha  upper  audkce  ;  b,  at  tba  upper  atntuui  of  pu^Dcfajnub ;  c,  of  tiM 
lowiritntum;  d,at  Um epldanuli of  the lom luibce.    (AtUi  Brsngulut.] 
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'  Tipper  atratam  shows  why  the  upper  surfuce  of  leaves  is  of  a  deeper 
gruoi  ttuui  ite  lower. 

263.  The  objrct  which  thin  nrrangcment  sub9erves  will  appoar 
evident,  when  wo  consider  that  the  spaces  between  tlie  cells,  filkd 
witb  air,  (<oniniunlc3tc  freely  with  each  other  throughout  the  leaf, 
and  also  with  the  external  nlr  by  means  of  openings  in  the  epider- 
Bua  (presently  lo  bo  described) ;  and  when  we  consider  (he  powerful 
gKtion  of  the  sun  to  promote  ornporntion,  espedally  in  dry  sir;  and 
tiuit  ibe  thin  walls  of  the  cells,  like  all  vegetable  membrane,  allow 
of  ibfl  free  escape  of  the  eontmned  moisture  by  transudation.  The 
compactness  of  (he  (^lls  of  lliat  stratum  which  is  presenl<.'d  immiKli- 
»  the  sun,  anil  their  vertical  elongation,  so  that  each  shall 
i  the  least  possible  surface,  obviously  serve  to  protect  the 
BpsrenctiyinA  beneath  from  the  too  powerful  action  of  direct 
Tiis  provision  is  the  more  complete  in  the  case  of  plants 
«Udi  retain  their  foliage  through  a  season  of  drought  in  arid  re- 
gioQs,  where  tlio  soil  is  usually  so  parched  during  the  dry  season, 
tlial.  for  a  long  period,  it  affords  only  a  scanty  supply  of  moisture  lo 
the  roots.  Compare,  in  this  respect,  a  leaf  of  ihe  Lily  (Fig-  S21), 
vlwn)  the  upper  stratum  contains  but  a  single  Inyer  of  barely  oblong 
(dfe^  vith  the  finn  and  more  enduring  leaf  of  the  Oleander,  the 


r  stramm  of  which  consists  of  two  layers  of  long  and  narrow 
I  cells  as  closely  compacted  as  possible  (Fig.  222).     So  dif- 
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ferent  is  tho  orpuiization  of  ilie  two  dtmia,  that  a  leaf  ac 

if  revijscil  so  as  to  L'xiwse  llie  lower  surface  lo  direct  aunsbine. 

204.  A  fiirther  and  more  cfl'cclual  provision  for  restraining  tlie 
persinrttlion  of  leaves  williin  due  limits  is  found  in  the  Epidrrmu, 
or  gkin,  tbiit  inveala  tLe  leaf,  na,  it  does  the  whole  siirfuoe  of  the  vege- 
table (lid),  and  which  b  so  readily  detnchcd  from  the  sncvulent  leaves 
of  Buth  plants  adi  tho  Sloneerop  and  the  Livti-for-ever  (Scdnm)  of 
the  gardens.  Tlie  epidermis  is  lompoaed  of  smidl  cell?  belonging  to 
the  outermost  layer  of  cellular  tissue,  with  the  pretty  thick-sided 
walla  very  strongly  coherent,  so  as  to  form  n  firm  membnme.  Jta 
cells  contain  no  ehlorojiliyU.  In  ordinary  herbs  that  allow  of  ready 
Bvaporation,  this  membrane  i*  made  up  of  u  single  layer  of  cells ;  as 
in  the  Lily,  Fig.  221,  and  the  Balsam,  Fig.  220.  It  is  composed  of 
two  layers  in  eases  where  ono  might  prove  insufficient ;  and  in  the 
Oleander,  besides  the  provision  against  too  copious  evaporation, 
already  dcacribed  (263),  tho  epidermis  consists  of  three  com- 
pact layers  of  very  thick-«ided 
cells  (Fig.  222).  It  is  geoernlly 
lidck,  or  bard  and  impermeable, 
in  the  firm  leaves  of  the  Pitlo- 
sj)orum,  Laurustinus,  and  oilier 
plants,  which  will  thrire,  for  ibis 
deliealQ  foliage  are  Uablo  to  per- 
our  rooms  in  winter. 


Til).  XO.    Mi«nm«l  •! 

•od  Mm*  ntU  of  Oit  ptn 

■Itkm  In  *ucb  euu  b  il 

•djiuinit  nlli,    Scnrml  of 
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m  Ibrougb  &  put  only  of  (b<  thicknm  af  i  l«r  of  Uio  OVm 
uppvr  eurfore,  formsd  sf  (bum  In^en  of  llilck~nll«l  colli  and 

or  the  fpldcrmli  Dnd  ■uporflclal  panncliyini  at  n  Osctu,  >IMc 
dcrmii  (a)  gniUy  thlckanod  by  ft  HnUJlal  OepofUlDn tn  (hD  «lll : 
ifiiiil!kD>lieruKrl;llllc<I  witb  DDlncniitingdqHiiil.  Tbeilrpo- 
.1  IrrpfCulBfT  liHTlng  eanUt  01  puug^  whlcb  iHHtJy  omrwct  tbe 


lU,  uhI  tlie  tl«p  lutiRlUulu  bpuo  IkuhUi  It. 
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I  'S65.  In  such  firm  kavos,  especially,  the  walb  of  the  epidermal 
ceDs  are  soon  thickened  by  inlemiJ  ilepoaition  (44),  especial^ 
on  (be  »up<;riiciat  sMe.  Tliis  is  avcU  seen  in  the  epidernus  of  the 
Aloe,  and  in  otlier  fleiiliy  plants,  wliieh  hear  severe  drought  with 
tmfwnlly :  io  Fig.  323,  it  is  shown,  at  a,  in  tlie  rind  of  it  Caclna, 
in  which  the  green  layer  of  the  whole  stem  imswers  the  purpose 
of  leaver  Sometimes  an  exterior  layer  of  this  supeHkial  deposit 
in  the  e[»idcrmis  may  be  detached  in  the  form  of  a  continuous  ap- 
parently fltnictuTclesa  memhrone,  which  Brangniart  and  eucceeding 
aotbon  luiTC  called  the  Clticle.  That  it  may  shed  water  readily, 
llie  surface  of  leaves  is  commonly  protected  by  a  very  thin  vumish 
of  nx,  oiT  else  with  a  Uoom  of  the  same  substance  in  the  form  of  a 
wbiuh  powder,  which  easily  iiil»  off  (8J>},  as  is  famiharly  eeen  in  a 
CU)bage4ear. 

266.  A  thickening  deposit  sometimes  takes  place  in  the  cells  of 
pcreodiyina  immediately  undemcalh  the  epidermis,  especially  in 
the  Onctus  Fanuly,  where  the  onco  thin  and  delicate  walla  of  the 
eoll*  become  excessirely  and  irregularly  ihickenfd  (Fig.  223,  234), 
•o  ai  doubll&is  to  arrest  or  greatly  obstruct  exhalation  through  the 
tiikL  Something  like  this  choking  of  the  cells  must  commonly 
occur  with  ago  in  moet  leaves,  particularly  tboso  that  live  for  more 
thin  one  season  (311). 

267.  But  the  multiplication  of  these  safeguards  against  exhalation 
mighl  be  liable  to  defeat  the  very  objects  for  which  leaves  are  prin- 
dfiiUy  destined.  Evaporation  from  the  parenchyma  of  llie  leaves 
ii  easdtlinl  to  tlic  plant,  as  it  is  tlie  only  method  by  which  its  exces- 
drely  ililtttc  food  can  he  concentrated.  Some  arrangemcnl  is  rcqui- 
tili;  that  shall  allow  of  sufHcient  exhalation  from  the  leaves  while 
iIh  plani  is  freely  supplied  with  moisture  hy  the  roots,  but  restrain 
it  when  the  supply  is  deficient.  It  is  clear  that  the  greatest  demand 
b  nwlc  upon  llie  leaves  at  the  very  period  when  tlie  supply  through 
Ik  rwilfl  is  im»t  likely  to  fail ;  for  the  summer'a  Bun,  wliich  nt-ls  so 
pnrt^rfiUly  on  the  leaves,  at  the  same  time  parches  the  toil  upon 
«hidi  ilio  leaves  (through  the  rootlets)  depend  for  the  moislure  tliey 
exhale.  So  long  as  their  demands  are  promptly  answered,  all  goes 
■tIL  The  greater  the  force  of  the  sun's  rays,  the  greater  the  speed 
tf  'vbiich  the  Tegetabla  machinery  ia  driven.  But  whenever  the 
■ipfily  at  the  root  fails,  llie  foliage  b^ns  to  flag  and  droop,  as  is  so 
liveti  Mvn  tmder  a  sultry  meridian  sun  ;  and  if  the  exhaustion  pro- 

^M||  bcj^ond  a  certain  point,  the  leaves  inei-itably  wither  and  [lerieb, 
^^K  13* 
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Some  Rdaptation  is  therefore  needed,  annlogous  to  a  Belf-«ctmg  vi 
which  shall  regulate  the  exhalatiun  aueonling  to  the  supply.     Such 
en  office  is  actually  fulfilled  hy 

268.  Tlie  Storaala,  Slomala,  or  Breatktng^rrt  (70).  Through 
the  orifices  wliich  bear  this  nume,  exhitlalion  principally  takes  place, 
in  all  ordinaiy  cases,  where  the  epidemiia  is  thick  and  firm  enuugh 
to  prevent  much  eseajie  of  moisture  by  direct  transudation.  The 
Btomata  {Pig.  225-228)  are  always  so 
situated  as  to  open  directly  into  the  hol- 
low chambers,  or  air-eavitics,  which 
pervade  tlie  parenchyma  (Fig.  221), 
especially  the  lower  stratum,  so  as  to 
afibrd  free  communication  hetween  the 
external  air  and  the  whole  interior  of 
the  leaf.  Tlie  perforation  of  the  epi- 
dermis is  between  two  (or  rarely  four) 
5cent-.shaped  cells,  whieh,  unlike  the  rest 
5  chlorophyll,  nnd  in  other  re- 
■\Vhen  moistened  these 
s  they 


delicate  and  commonly  c 
of  the  epidermis,  usually  contain  bi 
epects  resemble  the  parenehj-ma  beneath. 
guardinn-cells  change  their  form,  beeo 


become  more  turgid,  thereby  sepai'atiug  in  the  middle  and  opening  b 
free  communicalion  between  the  outer  air  and  the  interior  of  the 
leaC  Aa  they  become  drier,  they  shorten  and  straighten,  »  as  to 
bring  the  aides  of  the  two  into  contact  and  close  the  orifice."  The 
use  of  this  mechanism  will  he  readily  understood.    So  long  as  tlie  leaf 


*  They  cxpund  anil  coaCmct  most  in  tlic  direction  of  their  length ;  and  tho 
elongaiion  and  increased  cnrvainro  when  moist  draws  in  tho  concovo  side  and 
BO  enlarges  tho  apcrtnro.  Tlio  mceluinism  of  tho  opening  and  shutting  of  ato- 
miila.  has  been  recently  inrciligalcd  tij  Mohl  (in  Bot.  Zeiliing  for  IS56,  p.  69T, 
—  an  nbatmct  of  tho  memoir  is  given  by  C.  F.  Stone  \a  Ainer.  Journal  of  Set- 
«K«  for  Mareh,  185T),  and  theao  facts  verified.  Tho  pocnliar  ehango  of  the 
gnardinn-ccllB  in  form  seums  not  entirely  siwecplible  of  mechanical  cxpluiatioii, 
and  is  pnitlf  controlletl  (like  other  vegetable  mavcmenl)!}  hj  tlio  light  of  tho 
snn  i  hut  it  nutialy  depends  upon  endoemoso.  Mohl  has  clearly  shown  that, 
while  the  guardian-cellg  thcmselvea  act  to  as  to  open  tho  stomnio  in  moiEton 
and  eloao  it  in  dryness,  the  adjacent  cells  of  the  epidernii*  in  swelling  when 
m^it  tend  lo  close  the  siomaie,  nnd  their  contmciion  vi-hca  dry  to  open  ii ;  — 
so  tlial  the  actual  position  at  any  time  is  Q  losultiiut  of  nlcoly  a<i|jnsted  opposing 
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is  in  a  moist  ntmosphere,  and  is  freely  supplied  with  sap,  the  sto- 
matcs  remain  open,  and  allow  the  free  escape  of  moisture  by  evap- 
oration. But  when  the  supply  fails,  and  the  parenchyma  begins  to 
be  exhausted,  the  guardian-cells,  at  least  equally  afiected  by  the  dry- 
ness, promptly  collapse,  and  by  closing  these  thousands  of  apertures 
cbedc  the  drain  the  moment  it  becomes  injurious  to  the  plant. 

2C9.  Aa  a  general  rule,  the  stamata  wholly  or  principally  belong 
to  the  epidermic  of  the  lower 
surface  of  the  leaf;  the  mechan- 
ism is  too  dchcate  to  work  well 
in  direct  Eunshine.  The  posi- 
tion of  the  slomata,  and  the 
loose  texture  of  the  lower  p!t- 
lenchjTna,  require  that  this  sur- 
face should  be  shielded  from  the  snn's  too  direct  and  intense  action ; 
aad  fliow  why  leaves  soon  perish  when  artificially  reversed,  and  pre- 
Tented  from  resuming  (as  otherwise  they  spontaneously  will)  their 
natural  position.  Tliis  general  arrangement  is  variously  modified, 
however,  under  peculiar  circumstances.  The  slomata  are  equally 
distributed  on  the  two  sides  of  those  leaves,  of  whatever  sort, 
which  grow  in  on  erect  position,  or  present  their  edges,  instead  of 
their  furfiicc^,  to  the  earth  and  sky  (294),  and  have  the  parenchyma 
of  both  sidc't  similarly  constituted,  sustaining;  consequently  the  same 
Telations  to  lighL  In  the  Waler-Lilies  (Nymphfca,  Nuphar),  and 
other  leaves  which  float  upon  the  water,  the  stomata  all  belong  to 
the  upper  surface.  All  leaves  which  Uve  under  water,  where  there 
on  be  no  evaporation,  are  destitute,  not  only  of  stomata,  but  usually 
nf  a  distinct  epidermis  also. 

!70.  The  number  of  the  stomata  varies  in  different  leaves  from 
800  to  about  170,000  on  the  square  inch  of  surface.  In  tho  Apple, 
there  are  said  to  be  about  34,000  to  the  square  inch  (which  is  under 
i1k  iverage  number,  a-i  given  in  a  table  of  36  species  by  Lindley)  ; 
wihat  eai-'h  leaf  of  that  tree  would  present  about  100,000  of  these 
oriBre;.  AVhen  the  stomnla  are  not  all  restricted  to  the  lower  sur- 
W,  siill  the  greater  iwrtion  usually  occupy  this  position.  Thus, 
tbe  leaf  of  Arum  Draconliura  is  said  to  have  8,000  stomata  to  a 
ffoK  inch  of  the  upper  surface,  and  twice  that  number  in  the 


nc.  •26.    Migiilflid  ikT  or  [h*  IO,«OI>lh  part  or  ■ 
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same  space  of  the  lower.  The  leaf  of  the  Coltsfoot  has  12/)00 
stomata  to  a  square  inch  of  the  lower  epidermis,  and  only  1,200  in 
the  upper.  That  of  the  White  Lily  has  from  20,000  to  60,000  to 
the  square  inch  on  the  lower  surface,  and  perhaps  3,000  on  the  np- 
per.  In  this  plant,  and  in  other  true  Lilies,  they  are  so  remarkabfy 
large  (Fig.  221,  226  -  228)  that  they  may  be  discerned  by  a  simjde 
lens  of  an  inch  focus.  In  most  plants  they  are  very  much  smaller 
than  this. 

271.  Succulent  or  fleshy  plants,  such  as  those  of  the  Cactus  tribe^ 
Mesembryanthemums,  Sedums,  Aloes,  &c.,are  remarkable  for  holding 
the  water  they  imbibe  with  great  tenacity,  rather  in  consequence  of 
the  thickness  of  the  epidermis,  or  from  the  deposit  which  early  ac- 
cumulates in  the  superficial  cells  of  the  parenchyma  (266),  than 
from  the  want  of  stomata.  The  latter  are  usually  abundant,*  bat 
they  seem  to  open  less  than  in  ordinary  plants,  except  in  young  and 
growing  parts.  Hence  the  tissue  becomes  gorged  as  it  were  with 
fluid,  which  is  retained  with  great  tenacity,  especially  during  the 
hot  season.  They  are  evidently  constructed  for  enduring  seveie 
droughts ;  and  are  accordingly  found  to  inhabit  dry  and  sunbunit 
places,  such  as  the  arid  plains  of  Africa,  —  the  principal  home  of  the 
Stapelias,  Aloes,  succulent  Euphorbias,  &c^ — or  the  hottest  and 
driest  parts  of  our  own  continent,  to  which  the  whole  Cactus  fimiily 
is  indigenous.  Or,  when  such  plants  inhabit  the  cooler  temperate 
regions,  like  the  Sedums  and  the  common  Houseleek,  &c,  they  are 
commonly  found  in  the  most  arid  situations,  on  naked  rocks,  old 
walls,  or  sandy  plains,  exposed  to  the  fiercest  rays  of  the  noonday 
sun,  and  thriving  where  ordinary  plants  would  speedily  perish.  The 
drier  the  atmosphere,  the  greater  their  apparent  reluctxmce  to  part 
with  the  fluid  they  have  accumulated,  and  upon  which  they  live 
during  the  long  period  when  little  or  no  moisture  is  yielded  by  the 
soil  or  the  air.  Their  structure  and  economy  fully  explain  their 
tolerance  of  the  very  dry  air  of  our  houses  in  midwinter,  when  or- 
dinary thin-leaved  plants  become  unhealtliy  or  perish. 

272.  Sometimes  the  leaves  of  succulent  plants  merely  become 
obese  or  misshapen,  like  those  of  the  Ice-plant  and  other  species 


*  The  thickened  epidermis  of  the  fleshy  leaves  of  the  Sea-Sand  wort  (Hon- 
kenja)  is  proTided  with  an  abundance  of  largo  stomata,  on  the  upper  as  well 
as  the  lower  face.  But  this  plant,  though  very  fleshy,  grows  in  situations  where 
its  roots  are  always  supplied  with  moisture. 
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of  Mesembiyanthemtun,  &c. :  eomeiimes  they  aro  reduccil  (o  iri- 
BPg"!"'-  projections  or  points,  or  arc  perfectly  coufoundeil  with  (he 
green  boric  of  the  stem,  which  fuUiIs  their  office,  as  iu  the  Stapelia 
and  must  Cacti. 

278.  Tbf  Derrloprntnt  0(  Leaves.  At  tbeir  first  appearance,  each 
IbbT  is  II  minute  papiUa  or  projection  of  parenchyma  on  the  titisc«iit 
■xii :  OS  it  grows,  this  ehapcs  itselt'  into  the  blade,  and  is  eliminated 
fixm  the  axi».  Tlie  petiole,  If  any,  is  later  formed,  ami  by  its 
gtowth  nusea  the  blade  from  the  stem.  Commonly  the  apex  of  the 
blade  first  appears,  and  the  formation  proceeds  from  above  down- 
wards. The  ehcath  at  the  base  (as  in  most  Slonocolj'tedons),  or 
iba  BtipDics  (259,  which  principally  belong  to  Di cotyledons),  arc  at 
first  oontiououa  with  the  blade,  or  di\-ided  from  it  by  a  mere  con- 
Mrictjon  :  the  formation  and  elongation  of  tlie  petiole  eoon  separate 
tbeni.  The  stipules,  remaining  next  the  axis  or  eoureo  of  nourish- 
ment, undergo  a  rapid  development  early  in  the  bud,  so  that,  at  a 
certain  stage,  they  are  oflen  larger  than  the  body  of  the  leaf,  and 
Utey  accordingly  form  in  Euch  cases  the  teguments  of  the  bud. 
INvided  or  kbed  and  compound  leaves  are  Bimple  at  the  commence 
mettt,  but  the  lobes  are  very  early  developed ;  they  grow  in  respect 
to  the  axis  of  the  leaf  nearly  as  that  grew  from  the  axis  of  the 
plant,  and  in  the  compound  leaf  at  length  isolate  themselves,  and 
an  cAen  raised  on  footstalks  of  their  own.  Commonly  the  upper 
lobes  or  leaflets  are  first  formed,  and  then  the  lower :  but  in  those 
of  the  "Walnut  and  Ailanthus,  and  other  largo  compound  leaves,  the 
foRnalioo  proceeds  from  below  upwai'ds,  and  new  leaflets  cunlinuo 
(0  be  produced  from  the  apex,  even  after  the  lowermost  are  nearly 
fiUl  grown.  In  the  earliest  stage  leaves  consist  of  parenchyma 
alaiie:  the  fibro-vascular  tissue  which  makes  the  ribs,  veins,  or 
tameiroric  npp<:ara  later. 

274.  At  tlic  points  on  the  surface  of  the  developing  leaf  where 
tft™**  are  about  to  bo  formed,  one  of  the  epidermal  cells  early 
eeaeca  to  enlarge  and  thicken  with  the  rest,  but  divides  into  two  (in 
d0  HUflner  formerly  described,  33),  forming  the  two  guardian-cells 
«f  Ao  ftomole :  as  tliey  grow,  the  two  constituent  portions  of  their 
f*-*""  partition  separate,  leaving  an  interspace  or  orifice  between. 
Ib  Mms  case^  each  new  cell  divides  again,  when  the  slomate  is 
fixned  of  four  cells  in  place  of  two. 

375.  Tin  Fonni  of  LtBTM  are  almost  infinitely  various.  These 
aflbrd   some  of  the   readici;!.  if  not  the  most  certain,  marks  for 
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characterizing  species.  Their  principal  modifications  are  therefore 
classified,  minutely  defined,  and  embodied  in  a  system  of  nomen- 
clature which  is  equally  applicable  to  other  parts  of  the  plant,  and 
which  as  an  instrument  is  indispensable  to  the  systematic  botanist. 
The  numerous  technical  terms  which  have  gradually  accumulated 
from  the  infancy  of  the  science,  and  have  multiplied  with  its  increas- 
ing wants,  are  mostly  quite  arbitrary,  or  have  been  suggested  by 
real  or  fancied  resemblances  of  their  shapes  to  various  natural  or 
other  objects.  This  arbitrary  nomenclature,  which  formerly  severe- 
ly tasked  the  memory  of  the  student,  was  reduced  by  De  Candolle 
to  a  clear  and  consistent  system,  based  upon  scientific  principles, 
and  of  easy  application.  The  fundamental  idea  of  the  plan  is,  that 
the  almost  infinite  varieties  in  the  form  and  outline  of  leaves  may 
be  deduced  from  the  different  modes  and  degrees  in  which  the 
woody  skeleton  or  framework  of  the  leaf  is  expanded  or  ramified 
in  the  parenchyma.  Upon  this  conception  the  following  sketch  is 
based ;  in  which  all  the  more  important  terms  of  the  nomenclature 
of  leaves  are  mentioned  and  defined.  It  should  be  kept  in  mind, 
however,  that  this  is  not  to  be  taken  as  an  explanation  of  the  actual 
formation  of  leaves ;  but  rather  as  an  account  of  the  mutual  adap- 
tation and  correspondence  of  their  outlines  and  framework.  For 
the  parenchyma  is  developed,  and  the  form  of  the  leaf  more  or  less 
detennined,  before  the  framework  has  an  existence.  The  latter, 
therefore,  cannot  have  given  rise  to  the  outline  or  sliapc  of  the 
organ.  The  distribution  of  the  veins  or  fibrous  framework  of  the 
leaf  in  the  blade  is  termed  its 

276.  Tenation.  The  veins  are  distributed  throughout  the  lamina 
in  two  principal  modes.  Either  the  vessels  of  the  petiole  divide  at 
once,  where  they  enter  the  blade,  into  several  veins,  which  run 
parallel  with  each  other  to  the  apex,  connected  only  by  simple 
transverse  veinlets  (as  in  Fig.  230)  ;  or  the  petiole  is  continued 
into  the  blade  in  the  form  of  one  or  more  principal  or  coarser 
veins,  which  send  off*  branches  on  both  sides,  the  smaller  branch- 
lets  uniting  with  one  another  {^anastomosing)  and  forming  a  kind 
of  network ;  as  in  Fig.  229.  The  former  are  termed  paraUeU 
veined^  or  commonly  7ierved  leaves ;  the  veins  in  this  case  having 
been  called  nerves  by  the  older  botanists,  —  a  name  which  it  is 
found  convenient  to  retain,  although  of  course  they  are  in  no  respect 
analogous  to  the  nerves  of  animals.  The  latter  are  termed  reticu- 
lated or  nettedrveined  leaves. 
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377.  Panllel-Teined  or  nerved  leaves  are  characteristic  of  En- 
dogenous planU ;  while  reticulated  leaves  are  almost  universal  in 


}  plants.  "We  are  thus  Jurni-hed  with  a  very  obvious,  al- 
thongli  by  no  means  absolute,  distinclion  between  these  two  great 
classes  of  plants,  independently  of  the  structure  of  their  stems  (198). 
278.  In  reticulated  leaves,  the  coarse  primary  veins  (one  or 
more  in  number),  which  proceed  immediately  from  the  apex  of  the 
petiole,  are  called  ribi;  the  branches  are  termed  mru,  and  their 
tabordinate  ramifications,  vetnlela.  Very  frequently,  n  single  strong 
lib  (called  the  midrib),  forming  a  continuation  of  the  petiole,  runs 
directly  through  the  middle  of  the  bbdc  to  the  apex  (Fig.  229,  238, 
tc),  and  from  it  the  lateral  veins  all  diverge.  Such  leaves  arc 
tamed  feathtr-vtined  or  pinnately  veined;  and  are  subject  to  vari- 
ODs  modifications,  according  to  the  arrangement  of  the  Tcias  and  vein- 
lets  ;  the  primary  veins  sometimes  passing  straight  from  the  midrib 
lo  the  margin,  as  in  the  Beech  and  Cliestnut  (Fig.  238)  ;  wliiie 
mother  cases  they  are  divided  into  veintetd  long  before  they  reach 
Remargin.  When  the  midrib  gives  off  a  very  strong  primary  vein 
sr  branch  on  each  side  above  the  base,  the  leaf  is  said  to  be  triple- 
rMed,  or  often  iripli-nerved,  as  in  the  common  Sunflower  (Fig. 


.    A  laf  or  Iba  QoIdh,  of  U»  oMtid-nioBil 
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241)  ;  if  two  endi  ribs  proceed  from  each  ude  ot  the  nddribtitii 
said  to  be  guintupU-ribhed,  or  quintupU-nentd. 


279.  Not  unfrequently  the  vessels  of  a  reticulated  leaf  divide  it 
the  apex  of  the  petiole  into  three  or  more  portions  or  ribs  of  neaAj 
eqnal  size,  which  are  usually  divergent,  each  giving  off  veioa  and 
veinlct^  like  the  single  rib  of  a  fealher-veined  leaf.  Such  leave* 
arc  termed  radtated-veined,  or  pahnaiely-reined ;  and,  as  to  the 
number  of  the  ribs,  are  called  three-ribbed,  five-ribbed,  seven-ribbed, 
&c.  (Fig.  244,  247,  2  J3).  Examples  of  this  form  are  furnished  ly 
the  Mnple,  the  Gooseberry,  the  Mallow  family,  &c.  Occasional^ 
the  ribs  of  a  radiated- veined  leaf  converge  and  nin  to  the  apex  of  Iba 
blade,  as  in  Bhexia  and  other  phinls  of  the  same  family,  thus  resem- 
bling a  parallel-veined  or  nerved  leaf;  from  which,  however,  it  il 
distinguished  by  the  intermediate  netted  veins.  But  when  the  rih> 
are  not  very  strong,  such  leaves  are  frequenlly  said  to  be  nerve^ 
although  they  branc-h  before  reaching  the  apex. 

280.  According  to  the  theory  of  Do  Candolle  (275),  the  sliapa 
which  leaves  assume  may  be  viewed  ba  dependent  upon  the  di>* 
tribulioQ  of  the  veins,  and  the  qi4antity  of  parenchyma ;  the  ffSir 
eral  outhne  being  determined  by  the  division  and  direction  of  tba 
veins ;  and  the  fonn  of  tlie  margin,  (whcllier  even  and  continuoUi 
or  else  interrupted  by  void  spaces  or  indentations,)  by  the  greater  or 

no.  !t!Il-2H.    Vuioaa  Emu  of  iliDpIg  IMTM. 
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k'  Rbamiance  of  t)iQ  pnrenchTHin  in  which  the  veins  are  dislrib- 
d.    Tliis  view  U  reuilil/  iiiiciligibk  upon  the  supposition  that  a 


leaf  ts  nil  expunsion  of  Boft  parenchTina,  in  whicli  the  llrmcr  veins 
an  Tarioosly  mmifled.  Thua,  if  iho  principal  veins  of  a  feather- 
VcJDed  leaf  nrc  not  greatly  praloDgcd,  nnd  nro  somewluit  equal  in 
kaglh,  the  liliide  will  hnve  a.  more  or  loss  elnngateil  form.  If  the 
Win*  xrc  very  ehort  in  proportion  to  tlie  midrib,  and  equal  in  length, 
tin  lesf  will  be  linear  (as  in  Fig.  240) ;  if  longer  in  proportion, 
te  alHI  equal,  the  leaf  will  na^iimc  lui  oblong  form  (Fig.  242), 
«Mef>  n  altght  roan<l!ng  of  the  siilce  coiiverta  into  an  oritl  or  eSip- 
lEMf  outline.  If  the  veiuB  next  the  base  are  longest,  and  especially 
tf  dnf  varrc  forward  towards  their  extremities  the  leaf  assumes  a 
bmntJalf  (Fig.  239),  ovaU  (Fig.  241),  or  some  intermediate  form. 
Ob  Ibe  Mlier  Itnnd,  if  the  veins  uro  more  developed  beyond  tfae  mid- 
Aeof  the  blaile,  the  leaf  becomes  ohovate  (Fig.  232),  or  cuneiform 
(Kg.  S3o).  In  nidittled  or  palmately  veined  leaves  (Fig.  245-  253), 
vhcre  llic  primary  ribs  are  divergent,  an  orlncular  or  roundish  out- 
be  i*  nK«t  eommon.  When  some  of  tlie  ribs  or  tlieir  romificatioDi; 
■«  dimmed  bat:kwanls,  a  rcccs^  or  »ima,  as  it  is  termed,  'a  pro- 
Jw(4  M  the  base  of  the  leaf,  which,  taken  in  oonncc^on  witli  the 
^Knl  fijon,  gives  riiie  to  such  terms  as  cordate  or  heart-shaped 
(F^  244),  miiform  or  kidn^y-ihaped  (Fig.  245),  &&,  when  the 
ymanat  porticna  arc  rounded;  and  those  of  siu/iaate  or  arrotc 
*"W  (Fig.  252),  and  haHide  or  haUierd-thaptd  (Fig.  250),  when 

Tin  ll5-.ttS-    FoRDi  of  tlmple,  clilenr  nilUted'tdDcI  Jcarui- 
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the  angles  or  lobes  at  the  base  diverge.  The  margins  of  the  sinus 
are  sometimes  brought  into  contact  and  united,  when  the  leaf  be- 
comes peltate  or  shield-shaped  (Fig.  248)  ;  the  blade  being  attached 
to  the  petiole,  not  by  its  apparent  base,  but  by  some  part  of  the 
lower  surface.  Two  or  three  conunon  species  of  Hydrocotyle 
plainly  exhibit  the  transition  from  conmion  radiated  leaves  into  the 
peltate  form.  Thus,  the  leaf  of  II.  Americana  (Fig.  247)  is  round- 
ish-reniform,  with  an  open  sinus  at  the  base,  while  in  H.  inter- 
rupta  and  H.  umbellata  (Fig.  248),  the  margins  have  grown  to- 
gether so  as  to  obliterate  the  sinus,  and  an  orbicular  peltate  leaf  is 
produced.  In  nerved  leaves,  when  the  nerves  run  parallel  from 
the  base  to  the  apex,  as  in  Grasses  (Fig.  237),  the  leaf  is  necessar 
rily  linear,  or  nearly  so ;  but  when  they  are  more  divergent  in  the 
middle,  or  towards  the  base,  the  leaf  becomes  oblong,  oval,  or  ovate^ 
&c.  (Fig.  243).  In  one  class  of  nerved  or  parallel-veined  leaves,  the 
simple  veins  or  nerves  arise  from  a  prolongation  of  the  petiole  in  the 
form  of  a  thickened  midrib,  instead  of  the  base  of  the  blade,  constitat- 
ing  the  curvinerved  leaves  of  De  CandoUe.  This  structure  is  almost 
universal  in  the  Ginger  tribe,  the  Arrowroot  tribe,  in  the  Banana,  and 
other  tropical  plants ;  and  our  conunon  Pontederia,  or  Pickerel-weed 
(Fig.  236),  affords  an  illustration  of  it,  in  which  the  nerves  are 
curved  backwards  at  the  base,  so  as  to  produce  a  cordate  outline. 

281.  As  to  the  margin  and  particular  outline  of  leaves,  they  ex- 
hibit every  gradation  between  the  case  where  the  blade  is  entire^ 
that  is,  with  the  margin  perfectly  continuous  and  even  (as  in  Fig. 
243),  and  those  where  it  is  cleft  or  divided  into  separate  portions. 
The  convenient  hypothesis  of  De  Candolle  connects  these  fonns 
with  the  abundance  or  scantiness  of  the  parench^^Tna,  compared 
with  the  divergence  and  the  extenfc  of  the  ribs  or  veins ;  on  the 
supposition  that,  where  the  former- is  insufficient  completely  to  fill 
up  the  framework,  lobes,  incisions,  or  toothings  are  necessarily 
produced,  extending  from  the  margin  towards  the  centre.  Thos^ 
in  the  white  and  the  yellow  species  of  Water  Ranunculus,  there 
appears  to  be  barely  sufficient  parenchyma  to  form  a  thin  covering 
for  each  vein  and  its  branches  (Fig.  251,  the  lowest  leaf) ;  such 
leaves  are  said  to  be  fliformhj  dissected,  that  is,  cut  into  threads  ; 
the  nomenclature  in  all  these  cases  being  founded  on  the  conven- 
ient (but  incorrect)  supposition,  that  a  leaf  originally  entire  is  cot 
into  teeth,  lobes,  divisions,  &c.  If,  while  the  framework  remains 
the  same  as  in  the  last  instance,  the  parenchyma  be  more  abun- 
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as  in  fact  liappcns  in  the  upper  leaves  of  ihe  same 
■peciea  when  they  grow  out  of  water,  and  is  ahowD  in  ihe  same 
^nre,  ibcy  are  merely  elejl  or  loM.  If  these  tobet  g 
aauiy  to  the  ex- 
tmnity  of  he 
priDcipal  Vfuis, 
Hie  lenf  a  only 
laoAtd,  trrraleil 
or  trtmaltd  and 
if  ibe  anall  re- 
muaing  notches 
were  filled  «  h 
janatiipiai,  the 
kaf  motdbeeit' 
tin.    Tbeetudy         ■.««««  » 

of  the  development  of  leavra,  hone^er,  proves  that  the  parenchyma 
grarwB  and  shapes  the  outlines  of  the  organ  in  its  own  way,  irrei^pcc- 
of  the  fhunework,  which  is,  in  fact,  adapted  to  the  parcncliyma 
the  parenchyma  to  it.  The  principal  terms  which  designate 
jtd  degree  of  division  in  simple  leaves  may  now  be  briefly 
without  further  reference  lo  this  or  ony  other  theory. 
A  leaf  is  said  lo  be  terrale,  when  the  margin  is  beset  with 
!th  whidi  point  forwards  towards  the  apex  (Fig.  2d4) ; 
or  toothed,  when  the  sharp  salient  teeth  are  not  directed 
the  apex  of  the  leaf  (Fig.  2od) ;  and  ermafe,  when  the 
tadh  itre  rounded  (Fig.  248,  25G).  A  slightly  waved  or  sinuous 
avpn  is  Hijd  to  be  repand  (Fig.  257)  ;  a  more  strongly  uneven 
Wpn,  with  altentate  rouniled  coueaviiies  and  convexities,  w  termed 
ifiate  (Fig.  258).  'When  the  leaf  is  irregularly  and  ehaq)ly  cut 
^«p  into  the  blade,  it  is  sdd  to  bo  incised  (Fig.  250) ;  when  tlie 
ymaot  (or  w^mnt/*)  are  more  definite,  it  a  said  lo  be  lobtd  (Fig. 
HO^  264);  lanWlie  Unrma  two-iolieJ,t/iree-iobed  {Fig.  264), f  re Jobed, 
ACjCXpreu  the  number  of  the  segments.  If  the  incisions  cjctend  about 
l>  die  middle  of  the  hhulc,  or  somewliat  deeper,  and  especially  if  the 
■BH«  arv  acute,  the  leaf  ia  said  to  be  cleft  (Fig.  2S1,  2C5)  ;  and 
Ab  lenns  tux}-clr/t,  (liree^Ufi  (Fig.  2G5),  &c  (or  in  the  Latin  form, 
iijU,  Infid,  &C.),  deeignftte  ihe  number  of  the  segmeuU :  or  when 
k  tuicr  are  numerous  or  indcBiiilc,  the  leaf  is  termed  many^eU/t, 
^mMjid.     'it  the  tegmentd  extend  neiirly,  but  not  quite,  to  the 

Fid.  3U-SS,    fMuvt  lam  u  w  (ha  tooctiiiii  of  Uwli  Dugliu- 
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base  of  Iho  blade  or  the  midrib,  the  leaf  ia  said  to  be  parted  (Fig. 
262,    266)  :  if  they  reach  the  midrib  or  the  base,  so  as  to  interrupt 


the  parenchpia,  the  leaf  id  said  to  be  divided  (Fig.  263,  267)  ;  the 
number  o{ partitiotu  or  divisions  being  designated,  as  before,  bj  the 
teiTOs  two-,  three-,  Jive-parled,  or  two-,  three-,  five-divided,  &c. 

283.  A3  the  mode  of  division  always  coincides  with  the  arrange- 
ment of  the  primary  veins,  the  lobes  or  incisions  of  feather-veine^ 
are  differently  arranged  from  those  of  radiated  or  palmately  veined 
leaves :  in  the  latter,  the  principal  incisions  are  all  directed  to  the 
base  of  the  leaf;  in  the  former,  towards  tho  midrib.  These  modi- 
ficattons  are  accurately  described  by  terms  indicative  of  the  vena- 
tion, combined  with  those  that  express  the  degree  of  division. 
Thus,  n  fcalher-viened  (in  the  Latin  form,  a  piiinately  veined)  leaf 
ia  said  to  be  ptnnalely  cleft  or  pinnatifid  (Fig.  201),  when  the 
sinuses  reach  lialf-way  to  the  miihih ;  pinnaUJy  parted,  inhca  they 
extend  almost  to  the  midrib  (Fig.  2C2)  ;  and  pinnateJy  divided, 
when  they  reach  the  midrib,  dividing  ihe  porcnehj-ma  inlo  separate 
portions  (Fig.  263).  A  few  subordinate  modificaiions  are  in* 
dicated  by  special  terms:  thus,  a,  pinnatifid  or  pinnalely  parted 
leaf,  with  regular,  very  close  and  narrow  divisions,  like  tho  teeth  of 
a  comb,  is  eaid  to  he  pectinate;  a  feat  her- veined  leaf,  more  or  less 
pinnatifid,  but  with  the  lobes  decreasing  in  size  towards  the  base,  is 

no.  360-367.    PlmiMdj  ud  ptlmMdj  lob«l,  oMt,  p«ftcd,  ud  dlTldfd  iMina. 
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shaped  (Fig.  278)  ;  and  a  lyrate  leaf  whh 
lobea  pointing  Iwwarjs  the  base,  as  in  the  Dandtlion  (Fig. 
.b  called  rancinale.  A  palmalely  veined  leaf  'm  in  like  man- 
"mmiiA  \a  hepalmateli/  loUd  (Fig.  2&i), palmalely  eUft  (Fig.  265), 
pdMib/y  fmitd  (Fig.  266),  or  palmatelf/  difided  (Fig.  267),  ne- 
on^ lo  the  degree  of  diw:*ion.  Tlie  term  palwate  was  originally 
OB^Ioj^eil  to  designnte  u  leaf  more  or  less  deeply  cut  inio  about  five 
ifttiding  lobes,  bearing  some  resemblance  to  a  band  nitli  the  fingers 
qraufing ;  nod  it  is  still  used  to  designate  a  pahnately  lobed  leaf, 
vJAoot  refbri'nce  to  the  depth  of  the  sinuses.  A  palmate  leaf  with 
dMhtml  lobea  cleft  into  (wu  or  more  segment;  is  ggud  to  be  pedale 
(F^  2J9),  from  a  fancied  resemblance  to  a  bird's  foot.  By  desig- 
Bding  iho  number  of  the  lobes  in  connection  with  the  terma  which 
■Ante  their  extent  and  their  disposition,  botanists  are  enabled  to 
faeobe  aU  theao  modiUcalions  with  great  brevity  and  precision. 
Ttm,  lipalmalelj/  three-parted  leaf  is  one  of  the  radiatcd-vcined  kind, 
vUdi  a  divided  almost  lo  the  base  inio  three  segments  (Fig.  26G)  j 
tfiamttrly ^iM-paiied  loaf  is  one  of  the  feather-veined  kind  cut  into 
1*1  lobes  (two  on  each  side,  and  one  terminal),  with  the  sinuses  ex- 
ndDg  ilmoet  to  the  tnidrib ;  and  the  same  phm  is  followed  in  de- 
nritaig  deft,  lobed,  or  divided  leaves. 

2M.  The  segments  of  a  lobed  or  divided  leaf  may  be  again  di- 
liied,  hbeA,  or  cleA,  in  the  same  way  as  the  original  bhule,  and  the 
nu  lerms  are  employed  in  describing  them.  Sometimes  both  the 
friaaiT,  veoondary,  and  even  tertiary  diWsions  are  defined  by  a 
ifagle  word  or  phrase ;  as  hipinnalifid  (Fig.  280),  tripinnatijid, 
l^imtaltiy  parted,  tripinnately  parted,  twice  palmately  parted,  &<:. 

Parallel-veined  or  nerved  leaves  would  naturally  be  ex- 

10  present  entire  margins,  and  this  they  almost  universally 

the  nerves  are  convergent  (Fig-  230,  243).     Such  leaves 

lobed  or  cleft  when  the  principal  nerves  diverge  greuily, 

Dragon  Arum  ;  but  the  lobes  themselves  are  entire. 
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narrowed  or  slender  apex,  it  b  eaid  to  be  acuminate  (Fig.  268) ; 
when  it  terminates  in  an  acute  ang^e,  it  is  said  to  be  acute  (Fi^ 
369)  ;  when  the  apex  is  an  obtuse  angle,  or  rounded,  it  is  termed 
obtute  (Fig.  270)  :  an  obtuse  leaf,  with  the  apex  slightly  indented  or 
depressed  in  the  middle,  is  said  to  be  retuie  (Fig.  272),  or,  if  mora 
stnmglj'  notched,  emar^naie  (Fig.  273)  :  an  obovate  leaf  with  > 
wider  and  more  conspicuous  notch  at  the  apex  is  termed  ohcordaU 
(Fig.  274),  being  a  cordate  or  heart-shaped  leaf  inverted.  When 
the  apex  is,  as  it  were,  cut  off  hy  a  straight  txansverse  line,  the  leif 
is  said  to  be  truncate  (Fig.  271)  :  when  abruptly  terminated  by  ■ 
small  and  slender  projecting  point,  it  is  mucronate  (Fig.  276)  :  wbea 
tipped  with  a  stronger  and  rigid  projecting  point,  or  ciu^,  it  ia  cuipt- 
datt  (Fig.  275). 

287.  All  these  terms  are  equally  applicable  to  expanded  em- 
faces  of  erer^  kind,  such  as  petals,  sepals,  &c. :  and  those  tena 
which  are  used  to  describe  the  modifications  of  solid  bodies,  aoch  as 
stems  and  stalks,  are  equally  applicable  to  leaves  when  these  afiect 
similar  shapes,  as  they  sometimes  do. 

2S8.  The  whole  account,  thus  far,  relates  to  Simple  Leatu, 
namely,  to  those  which  have  a  blade  of  one  piece,  however  cleft  w 
lobed,  or,  if  divided,  where  the  separate  portions  are  neither  raised  on 
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of  tlieir  own,  nor  articulateil  (by  a  joint)  with  the  main 
pedole,  Eo  that  the  piece?  are  at  length  detached  and  fall  sepnraleljr. 
The  ^etinction,  boweTer,  cannot  be  very  striclly  mainlained  ;  there 
are  eo  many  transitiuns  between  eimpio  and 

589.  Componnd  ItaiTS.  These  have  the  blade  divided  into  entire- 
ly srpamte  pieces  ;  or,  rather,  they  consist  of  a  number  of  bhides, 
borne  on  a  conmion  petiole,  usually  Bupporled  on  slolklets  of  theip 
own,  between  which  and  the  main  petiole  an  articulation, or  jrant  is 
formed,  more  or  less  distinctly.  These  separate  blades  are  called 
Leaflets:  tbey  present  all  the  diversities  of  form,  outline,  or 
fvtiioti  which  simple  leaves  exhibit ;  and  the  same  terms  are  em- 
ployed in  characterizing  them.  Having  the  same  nature  and  origin 
$a  the  kibes  or  segments  of  simple  leaves,  they  are  arranged  in  Ihe 
mne  ways  on  the  common  petiole.  Compound  leaves  accordingly 
oocnr  noder  two  general  forms,  the  pinnate  and  the  palmate  (olher- 
wiM  eoHed  diffilatc). 

590.  The  pinnate  form  is  produced  when  a  leaf  of  the  pinnately 
TOned  sort  becomes  compound ;  that  is,  the  leaflets  are  situated 
dof^  the  sides  of  the  common  petiole.  There  arc  several  modifica- 
tions of  the  pinnate  leaf.  It  is  ahniplli/  pinnate,  when  the  leaflets 
m  even  in  number,  and  none  is  borne  on  the  very  apex  of  the 
pMide  or  its  branches,  as  in  Cassia  (Fig.  290),  and  also  in  the 
Tatcb  tribe,  where,  however,  the  apex  of  the  petiole  is  generally 


]  into  a  tendril  (Fig.  287,  289).     It  is  impari-pinnate,  or 
iBwith  an  odd  leaflet,  when  (ho  petiole  is  terminated  with  a 
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leaflet  (Fig.  281,  288).  There  are  some  subordinate  modiflcations ; 
such  as  lyrately  ptnnatey  when  the  blade  of  a  lyrate  leaf  (Fig.  278) 
is  completely  divided,  as  in  Fig.  285 ;  and  interruptedly  pinnate^ 
when  some  minute  leaflets  are  irregularly  intermixed  with  larger 
ones,  as  is  also  shown  to  some  extent  in  the  figure  last  cited.  The 
number  of  leaflets  varies  from  a  great  number  to  very  few.  When 
reduced  to  a  small  number,  such  a  leaf  is  said  to  be  pinnately  seven-^ 
or  five-,  or  tri-foliolate,  as  the  case  may  be.  A  pinnate  leaf  of  three 
or  five  leaflets  is  often  called  temate  or  quinate  ;  which  terms,  how- 
ever, are  equally  applied  to  a  palmately  compound  leaf,  and  also^ 
and  more  appropriately,  to  the  case  of  three  or  five  simple  leaves 
growing  on  the  same  node.  A  pinnately  trifoUolate  leaf  (Fig.  286) 
is  readily  distinguished  by  having  the  two  lateral  leaflets  attached 
to  the  petiole  at  some  distance  below  its  apex,  and  by  the  joint 
which  is  observable  at  some  point  between  their  insertion  and  the 
lamina  of  the  terminal  leaflet.  Such  a  leaf  may  even  be  reduced 
to  a  single  leaflet ;  as  in  the  Orange  (Fig.  283)  and  the  primordial 
leaves  of  the  common  Barberry.  This  is  distinguished  from  a 
really  simple  leaf  by  the  joint  at  the  junction  of  the  partial  with  the 
general  petiole. 

291.  The  palmate  or  digitate  form  is  produced  when  a  leaf  of  the 
palmately  veined  sort  becomes  compound ;  in  which  case  the  leaflets 
are  necessarily  all  attached  to  the  apex  of  the  common  petiole,  as  in 
the  Horsechestnut  and  Buckeye  (Fig.  277),  and  the  common  Clover 
(Fig.  304).  Such  leaves  of  three,  five,  or  any  definite  number  of 
leaflets,  are  termed  pcdmately  (ov  digitately)  trifoUolate,  five-foliolatey 
&c.  A  leaf  of  two  leaflets,  which  rarely  occurs,  is  unijuyaie  (one- 
paired)  or  Innate.  By  this  nomenclature,  the  distinction  between 
pinnately  and  palmately  compound  leaves  is  readily  kept  up,  and 
every  important  character  of  a  leaf  is  expressed  with  brevity  and 
accuracy. 

292.  The  stalk  of  a  leaflet  is  called  a  partial  petiole  (petioluie)  ; 
and  the  leaflet  thus  supported  is  petiolnlate.  The  partial  petioles 
may  bear  a  set  of  leaflets,  instead  of  a  single  one,  when  the  leaf 
becomes  douUy  or  twice  compound.  Tims  a  pinnate  leaf  again  com- 
pounded in  the  same  way  becomes  hipinnate  (Fig.  282),  or  if  still 
a  tliird  time  divided  it  is  tripinjiate,  &c.  In  these  cases  the  main 
divisions  or  branches  of  the  common  petiole  are  called  pinntSy  or  the 
pairs  ^M^^.  So  a  trifoliolate  leaf  twice  compound  becomes  hitemate 
(Fig.  284)  ;  or  thrice,  tritemaie^  &c.     When  the  primaiy  division 


The  blade  of  a  loaf  U  almost 
ons  on  eavh  aide  of  tlie  miilrib 
me  side  is  more  develo|>ed  than 
IS  19  Btrikingl^  the  cose  io  tbe 
conaervalories. 


is  digitate,  the  secondary  division  is  often  pinnate,  Ihtis  combining 
lh(!  iwo  modes  in  ihe  Biune  k«f.  A  leaf  irregularly  or  indetcr- 
minalely  several  times  compounded,  in  whatever  mode,  is  said  to  be 
dteompound. 

203.  Lfavn  of  Frtnliar  raDrorniBtion. 

always  symmetrical,  llml  'a,  (lie  ]iorli( 
or  axis  are  eimilnr ;  but  oci-asionally  o 
the  other,  when  the  leaf  is  obliqus,  b 
siwies  of  Begonia  (Fig.  246)  of 

204.  Vertiral  Biul  EqQitant  Ltam.  The  blade  is  also 
commonly  horizontal,  presenting  one  surface  to  the 
sky,  and  the  other  to  Ihe  earth ;  in  which  ease  the 
two  Burfaees  differ  in  etmcture  (2G2)  as  well  as  in 
appearance,  each  being  fitted  for  its  peculiar  of- 
ficea :  if  artificially  reversed,  they  spontaneously 
n^ume  their  natural  position,  or  soon  perish  if 
prevented  from  doing  so.     But  in  erect  and  verti- 
cal leaves,  the  two  surfaces  are  equally  ex)M»sed 
Io  llie  light,  and  are  fiimilar  in  slnictiire  and  ap- 
pearance.    In  such  erect  and  equUant  leaves  as 
thoM  of  Iris  (Fig.  201),  it  13  really  the  lower  sur- 
face that  is  presented  to  the  atr ;  fur  tlie  leaf  h 
folded    together    lengthwise 
(eonduplicale),  and  cousoli-  "^ 
dated  while   in  the   nascent 
Biale,  so  that  the  true  upper 
aurikcc  is   ccnccaled  in   the 
interior,    except     near    the 
htse,  where  they  alternately 
cover  o\er  each  other  in  the 
egtiilani  manner  (2iS,  Fig. 
i92).     True  vertical  leaves, 
wliicb  pivsetit  their  edges  instead  of  their  surfaces 
■ky,  generally  assume  this  position  by  a  twistinj 
the  petiole  i  as  is  strikingly 
Anetralian  trees  of  the  Myrtle  family,  some 
iDon  in  green-hon^e^. 

295.  rcrfoliate  UaTn.     "While    in   Iris  ih 
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'  flurface  of  a  folded  leaf  cohere,  those  of  some  other 
Ehibit  a  cohesion  by  their  contiguous  edges,  and  give  rise  to  a  differ- 
ent HQoraaly.     Tliis  i^  iUustriLii;d  by  peluuc 
leaves  (Fig.   24S),  and  more  strikingly 
what  are  lenned  perfoliaie  leaves.     Thesa, 
some  coBGA  originate  from  the  union 
bases  of  a  pair  of  opposile  sessile  leaves  (< 
nate-perfoliate),  aa  in  Silpluum  perfoliat 
Triosteum  perfo- 
liatum,  and    tlic 
upper     pairs    of 
true  Honeysuckle 
(Fig.  294).     In 
others  they  con- 
Gist  of  a  single 
claspmg  leaf,  the 
posterior  lubes  of 
\  vhich  encompass  (he  stem  and  colierc 

on  the  opposite  side,  aa  is  seen  in  Bu- 

pleurum  rotundifolium,  Uvularia  porfo- 

iiata,  and  Bapliaia  perfoliata  (Fig.  2113). 

296.  haTciwilh  no  diitinetion  o[  Blade 

Ud  Priiole>     The  leaves  of  llio  Im,  as 

well  as  thoae  of  the  Daffodil,  the  Onion, 

Mid  of  many  other  Endogens,  show  no 

I    distinction  of  blade  and  petiole.     In  ^om 

\  be  regarded  as  a  sessile  blade  j  in  others,  rather  as  a  petiole 
I  tbrmiug  the  functions  of  a  blade.     Leaves  are  not  always  expani 
j  bodies.     Soraetimea  they  are  JiUform  or  thread-shaped,  as  tliose  of 
I  Asparagus  :  Bome  are  acicular,  acerose,  or  needle-shaped,  aa  in  Fines 
and  Larches  (Fig.  212,  213)  ;  others  are  mJnihte  or  atelshf^d, 
in  Juniiier,  &c.     The  Red  Cedar  and  Arbor  Vita\  (Fig.  295) 
both  Awl-sbapcd  and  scale-shaped  leaves  on  different  branchlQt<> 

297.  SDCcnlent  or  Fleshf  LearM,  like  those  of  Stonecrop,  Hi 
■•led,  Mesembrjantbemuin  or  Ice-Plant,  and  the  Agave  or  Centi 
nplant,  usually  assume  shapes  more  or  less  unlike  ordinary  folii 

s  of  lliem  are  terete,  like  atcms,  or  at  least  have  no  dial 
t'Upper  and  lower  surface.     These  greatly  tiiickencd  leaves  serve 


diatc 
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e  thc'leaf  of  ihia  sort  c 
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doablfl  purpose,  being  not  only  organs  for  asaimilation, — the  general 
office  of  foliage,  —  but  nko  repositories  in  which 
af^tmilutPil  matter  is  stored  up,  just  ns  in  the  root        i  | 
of  th«  Beet  and  Radish  (Fig.  138),  or  in  subter-       ^  | 
rancon  stems  or  branches  in  roolstodca,  tubers,    ^'s, 
nnd  oomw  (188-190, 19-1).    The  baaea  of  those 
learea  which  form  the  scales  of  bulbs  (191)  are 
ttirned  to  ihe  eamc  u^e.    In  Fig.  176  wo  liavc  n 
leaf  the  bkde  of  which  acta  aa  foUage  in  the  ordi- 
nary manner  of  leaves,  wliile  ila  subterranean 
thickened  base  serves  as  a  repository  of  nulri- 
ment  which  the  blade  haa  elaborated.    The  very 
first  Imvea  of  the  plant,  viz.  the  colyledoos  or 
i   (120  — 123)  are  commonly  subservi- 
ent to  tlus  purpose,  and  some- 
times to  no  other,  as  in  the 
Pea,  Horseche^lnul,  Oak,  &c.  "" 

(124),  where  tliese  leaves  ore  mere  repositories 
of  food  for  the  nse  of  the  germinating  plant. 

298.  Leaves  as  BkI-scbIm,  it.  (161)  exhibit  the 
same  organ  under  a  different  modification,  and 
auljserving  a  different  Bpedal  purpose.  Of  the 
same  nature  are  the  degenerated  or  abortive 
scale-like  leaves  on  the  vernal  slcms  of  peren- 
nial herbs  near  or  beneath  the  Burface  of  the 
ground,  and  on  Asparagus  shoots,  and  ali^o  tha^e 
scales  which  colored  parasiUc  plants  produce  in 
place  of  foliage  (1^2).  The  primary  leaves  of 
Fines  are  all  thin  and  dry  bud-scales ;  tlic  actual 
foliage  originating  from  a  branch  in  the  axil  of 
each  (Fig.  212). 

299.  Leam  ai  Tendrils  are  seen  in  the  proper 
Pea  tribe ;  where  however  only  the  extremity 
of  the  coraraon  petiole  is  transformed  in  this 

••  manner   (Fig.  287,    289)  j  but  in   one   plant 

of  the  kind  (Latliyrua  Apliaca)  the  whole  leaf  becomes  a  tendril. 
800.  LtBTCl  U  Spinet  occur  in  sevcnJ  plants.     The  jiriraury  leaves 

na.  Zie.    A  twig  of  AmEriaia  Arbor  Vltir,  FiUblUDg  botli  Bol-ibapnl  nnJ  Kalr-ehupcd 


I  of  the  shoots  of  the  comnion  Barbeny  offer  n  futniliar  ina 

I  the  kind  (Fig-  29G).     The  most  extrnordinnry  modiflcaUon  of  the 

1  leaf  occurs  in  the 

301.  Fly-Iraps  of  Dioniea  mosclpula,  the  Venus's  Fly-tnip  of  North 
CarolJDn  (which  is  found  only 
inity  of  Wilming- 
ton,  where   it   abounds  in 
wet  aod  sandy  bogs').    Each 


leaf  of  this  most  curious  plant  bears  at  its  summit  i 
ftgo  (answering,  perliaiis,  to  the  proper  blade),  which  opens  and 
eliuts :  fringed  with  strong  bristles  or  slender  teeih  on  its  margin, 
it  bears  some  resemblance  to  a  steel-trap,  and  oiwrales  much  like 
For  when  open,  as  it  commonly  is  when  the  Bun  shines, 
ooner  does  a  Sy  alight  on  its  surface,  and  brush  against  any 
r  one  of  the  several  long  bristles  that  gi-ow  there,  than  the  trap 
(  suddenly  closes,  often  capturing  the  inlnider,  pressing  it  all  tlie 
[harder  for  its  struggles,  and  commonly  depriving  it  of  life.  After 
ttJl  movement  lias  ceased  within,  the  trap  slowly  opens,  and  is  ready 
cJot  anothcT  capture.  "Why  this  plant  catches  insects,  we  are  unable 
■  to  say ;  and  as  to  the  mechanism  of  ihe  movement  it  is  no  more  and 
r  no  loss  explicable  than  the  much  slower  moTemeuts  of  ordinary 
y  leaves  in  changing  their  po^^ilion. 

i.  Thm  of  Ih*  Ihtm,  tl 
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302.  Auidia  or  Fitchm,  or  tubes  open  at  the  guimnit,  represent 
another  remarkable  form  of  leaves.  Theae  occur  in  scrcml  plants 
of  witli-ly  diffurtnt  families.  If  we  conceive  llie  margins  of  the 
flated  part  of  the  leitf  of  Diomoa  to  ciirvc  inwank  until  they  meot, 
and  cohere  wilh  each  other,  there  would  result  a  leaf  in  form  not 
unlike  Umi  of  Sarraeenia  purjiurea,  the  common  Pileher-plant  or 
Sidcsadille  Flower  of  the  Korthcm  United  Stales  (Fig,  300).    So 


the  tube  or  pitcher  luu  been  supposed  to  answer  to  the  petiole,  aai 
the  hood  at  the  summit  to  the  blade.  And  this  view  is  etrcn^ened 
by  a  Piidier-plant  of  tbe  same  fiunily  (Heliamphom.  Fig.  239), 
■UacovereO  hy  Mr.  Schomburgk  in  the  mountains  of  British  Guiana, 
in  which  the  pitcher  i^  not  always  completed  quite  to  tlie  summit, 
and  tbe  hood  u  represented  by  a  email  concave  lenuinal  appendage. 
In  the  curious  Nepenthes  (Fig.  301),  the  petiole  is  first  dilated  into 
ft  kind  of  lamina,  then  contracted  into  a  tendril,  and  finally  dilated 
inio  a  pitcher,  containuig  fluid  secreted  by  the  plant  ilsdf ;  the  orifice 
being  awuralely  closed  hy  a  lid,  which  Irom  analogy  was  Bupposed  to 
reprcwnt  the  real  blade  of  the  leaf.  The  study  of  the  development, 
however  (peccnlly  made  by  Dr.  Hooker),  does  not  confirm  this 
l^pothesK  Tlie  wliole  pitcher  of  Nepenthes  is  only  an-anom< 
■lous  appendage  of  the  tendril-hke  prolongation  of  the  midrib  of  the 
ml  Made  of  the  leaf.  A  new  Pitcher-plant  of  die  Siurawnia  family 
(the  Darlingtoniii),  discovered  by  Mr.  Brackenridgo  in  Cahfomia, 
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has  recently  been  made  known  by  Dr.  Torrey.  In  this  the  enlarged 
summit  of  the  tube  is  strongly  arched  like  a  hood  (as  in  Sarracenia 
psittacina  of  the  Southern  States),  and  is  abruptly  terminated  by  a 
singular  two-lobed  foliaceous  appendage,  resembling  the  foriced  taU 
of  a  fish. 

303.  Tbe  Petiole)  or  Leafttalk)  is  usually  cither  round,  or  half-cylin- 
drical and  channelled  on  the  upper  side.  But  in  the  Aspen,  it  is 
strongly  flattened  at  right  angles  with  the  blade,  so  that  the  slightest 
breath  of  air  puts  the  leaves  in  motion.  It  is  not  unfi^uently  ftur- 
nished  with  a  leaf-like  border,  or  ring ;  which,  in  the  Sweet  Pea  of 
the  gardens,  extends  downward  along  the  stem,  on  which  the  leaves 
are  then  said  to  be  decurrent ;  or  the  stalk  or  stem  thus  bordered 
is  said  to  be  alate  or  winged.  In  many  Umbelliferous  plants,  the 
petiole  is  dilated  below  into  a  broad  and  membranaceous  inflated 
sheath;  and  in  a  great  number  of  Endogenous  plaints  the  petiole 
consists  of  a  sheath,  embracing  the  stem,  which  in  Grasses  is  fur- 
nished at  the  summit  with  a  membranous  appendage,  in  some  sort 
equivalent  to  the  stipules,  called  the  ligule  (Fig.  237).  The  woody 
and  vascular  tissue  runs  lengthwise  through  the  petiole,  in  the  form 
usually  of  a  definite  number  of  parallel  threads,  to  be  ramified  in  the 
blade.  The  ends  of  these  threads  are  apparent  on  the  base  of  the 
leafstalk  when  it  falls  ofl^,  and  on  the  scar  left  on  the  stem,  as  so 
many  round  dots  (Fig.  153,  J),  of  a  uniform  number  and  arrange- 
ment in  each  species. 

304.  Phyllodla  (Fig.  302,  303).  Occasionally  the  whole  petiole 
dilates  into  a  kind  of  blade,  traversed  by  ribs,  mostly  of  the  parallel- 
veined  kind.  In  these  cases  the  proper  blade  of  the  leaf  commonly 
disappears ;  this  substitute,  called  a  PhyUodium  (meaning  a  leaf-like 
body),  taking  its  place.  These  phyllodia  constitute  the  whole  foliage 
of  the  numerous  Australian  Acacias.  Here  they  are  at  once  dis- 
tinguished from  leaves  with  a  true  blade  by  being  entire  and  parallel- 
veined  ;  while  their  proper  leaves  (of  which  the  earlier  ones  imi- 
formly  appear  in  germination,  and  also  later  ones  in  casual  instances) 
are  compound  and  netted-veined.  They  are  also  to  be  recognized  by 
their  uniformly  vertical  position,  presenting  their  margins  instead  of 
their  surfaces  to  the  earth  and  sky ;  and  they  sometimes  bear  a  true 
compound  lamina  at  the  apex,  as  in  Fig.  303. 

305.  Stipules  (259,  Fig.  229)  are  lateral  appendages  of  leaves, 
usually  appearing  as  small  foliaceous  bodies,  one  on  each  side  of  the 
base  of  the  petiole.    They  are  not  found  at  all  in  a  great  number  of 
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icnce  or  absence  is  uBunlly  usironii  througliouC 
a  naluml  order.  Stipules  assume  a  great  variety  of  forms  aoalogons 
to  ibtte  of  Uie  blade.  Like  it  they  are  sometimes  membranaceous 
or  Bcalc-Kke,  and  somelimea  transformed  into  spines,  as  in  tlie  Locust- 
tree,  Ac  They  are  sometimes  present  on  developing  ehools 
otdy !  BB  in  the  Beech,  the  Fig,  and  the  Magnolia  (Fig.  155, 156), 
where  they  form  the  covering  of  the  buds,  but  fall  away  ns  the 
leaved  expand.  They  lia\c  a  etroug 
tendency  to  cohere  with  each  other,  or 
witli  the  base  of  the  petiok.  Tbii^,  m 
the  Clover  (Fig.  804),  the  Stn»  berry, 
aad  the  Bose  (Fig.  281),  a  elipule  ad- 
heres to  eacli  eide  of  the  base  of  the 
petiole ;  in  the  Fkne-tree,  the  tw  o  ari, 
free  frcan  the  petiole,  but  cohere  by 
their  outer  margins,  so  as  to  form  an 
appnrently  single  stipule  opposite  the 
loaf.  In  other  cases,  both  margins  are 
tuuted,  forming  a  sheath  around  the 
ttao,  just  abo^e  the  leaf:  these  are 
otllod  intrafoliaeeout  stipules ;  and 
when  membranaceous,  as  in  Polygo- 
nam  (Fig.  805),  they  have  been  temit'd 
ti€&rtte.  Wlien  opposite  leaves  have 
■tqailes,  they  usually  occupy  the  space 
between  the  petioles  on  each  nde,  and 
are  lenned  inUrpftiolar.  The  stipules 
of  cod)  leaf  (one  on  each  side],  being 
ifaiH  placed  in  contact,  frequently  unite  •«  m 

U  as  (o  form  appnrenlly  but  a  single  piur  of  stipules  for  each  pair 
of  leare^  ;  instance*  of  which  arc  very  common  in  the  order 
Babiaceir. 

906.  Leaves  furnished  with  stipules  are  B.-ud  to  be  jfi^pu^n.-  when 
4enttBte  of  tbcm,  CJOlipidalf.  The  leaflets  of  compound  leaves  are 
mwitilHi  II  provided  with  small  stipules  (termed  ttipeUts)  of  their 
wwa,  H  In  the  Bean  (Fig.  28G)  ;  when  they  are  said  lo  be  slipeUate. 

FW.  IM.    A  leaf  of  Bad  Clvnr.wlUi  lU  Ihrea  loSati  u  tlu  nimmllor  Ibo  IwriUlIt,  tn 
4IA  ■(  ax  bHa  tlw  Hipala  (R)  ua  laliHciit.  OIK  onnrb  fidif, 
■H.  IB&    ran  Dt  a  bar  cT  PaljiDBum  orioilBle,  witli  lu  nipuliii  aalud  lulo  a  ihHth 
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Sect.  ITL     The  Duration  op  Leaves,  and  the  Genebal 

Action  of  Foliage. 

307.  Leaves  last  only  for  a  limited  period,  and  are  thrown  ofl^ 
or  else  perish  and  decay  on  the  stem,  after  having  fulfilled  their 
office  for  a  certain  time. 

308.  Doration  of  Leayes.  In  view  of  their  duration,  leaves  are 
called  fugacious,  when  they  fall  off  soon  after  their  appearance ; 
deciduousy  when  they  last  only  for  a  single  season ;  and  persist' 
ent,  when  they  remain  through  the  cold  season,  or  other  interval 
during  which  vegetation  is  interrupted,  and  until  after  the  appear- 
ance of  new  leaves,  so  that  the  stem  is  never  leafless ;  as  in  Bver' 
greens. 

309.  Leaves  last  only  for  a  single  year  in  many  Evergreens,  as 
well  as  in  deciduous-leaved  plants ;  the  old  leaves  falling  soon  after 
those  of  the  ensuing  season  are  expanded,  or,  if  they  remain  longer, 
ceasing  to  bear  any  active  part  in  the  economy  of  the  vegetable, 
and  soon  losing  their  vitality  altogether.  In  Pines  and  Firs,  how- 
ever, although  there  is  an  annual  fall  of  leaves  either  in  autumn  or 
spring,  yet  these  were  the  produce  of  some  season  earlier  than  the 
last ;  and  the  branches  are  continually  clothed  with  the  foliage  of 
from  two  to  five,  or  even  eight  or  ten,  successive  years.  On  the 
other  hand,  it  is  seldom  that  all  the  leaves  of  an  herb  endure 
through  the  whole  gi'owing  season,  the  earlier  foliage  near  the  base 
of  the  stem  perishing  while  fresh  leaves  are  still  appearing  above. 
In  our  deciduous  trees  and  shrubs,  however,  the  leaves  of  the 
season  are  mostly  developed  within  a  short  period,  and  they  all 
perish  nearly  at  the  same  time.  They  are  not  destroyed  by  frost, 
as  is  commonly  supposed;  for  they  begin  to  languish,  and  often 
assume  their  autumnal  tints  (as  happens  with  the  Red  Maple 
especially),  or  even  fall,  before  the  earlier  frosts ;  and  when  vernal 
vegetation  is  destroyed  by  frost,  the  leaves  blacken  and  wither,  but 
do  not  fall  off  entire,  as  they  do  in  autumn.  Some  leaves  are  cast 
ofii  indeed,  wliile  their  tissues  have  by  no  means  lost  their  vital- 
ity. Death  is  often  rather  a  consequence  than  the  cause  of  the 
fall.  Others  die  and  decay  on  the  stem  without  falling,  as  in 
Palms  and  most  Endogens.  In  some  cases  many  of  the  dead 
leaves  hang  on  the  branches  through  the  winter,  as  in  the  Beech, 
falling  only  when  the  new  buds  expand,  the  following  spring.     We 
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nmet  therefore  distinguish  belween  the  (IciUh  and  the  Ml  of  the 
leaf. 

810.  The  Fall  0(  Ihe  Ltaf  is  owing  to  an  orgRnic  Bcparation,  ihrmigh 
an  arlieahtion,  or  joint,  whicli  fonns  between  the  base  of  the 
peltale  and  the  surface  of  the  stem  on  which  it  reals.  The  forma- 
lion  of  iJie  nrtii-ulation  is  a  Tital  process,  a  kind  of  disintegration  of 
t  transverse  layer  of  ecllii,  which  cuts  off  the  petiole  by  a  regular 
line,  in  a  perfectly  uniform  manner  in  each  species,  leaving  a  clean 
tCMT  at  the  insertion  (Fig.  153,  155).  The  solution  of  continuity 
beg^  in  the  epidermis,  where  a  faint  line  marks  the  position  of  the 
ftltare  jtnat  wliile  the  leaf  is  Btill  young  and  vigorous :  later,  llie 
Ubo  of  demarcation  becomes  well  marked,  internally  as  well  as  ex- 
(eroally ;  the  disintegrating  process  advances  from  without  inwards, 
ttstil  il  readies  the  woody  bundles ;  and  the  side  next  the  stem, 
iriueb  is  to  form  the  surface  of  the  scar,  has  a  layer  of  cells  con- 
densed into  what  appears  liko  a  prolongation  of  the  epidermis,  so 
that,  when  the  leaf  separates,  "  the  tree  does  not  suffer  from  the 
eBeets  of  an  open  wound."  "  The  provision  for  the  separation  being 
OOMS  complete,  it  requires  little  lo  effect  it ;  a  desiccation  of  one  side 
of  the  leafstalk,  by  causing  an  effort  of  torsion,  will  readily  break 
tlmugh  the  small  remains  of  the  fibro-vascular  bundles  i  or  the  in- 
crauicd  sixe  of  tlie  coming  leaf-bud  will  snap  tliem ;  or,  if  these 
(9U»e«  arc  not  in  operation,  a  gust  of  wind,  a  heavy  shower,  or  even 
tbe  eiinple  weight  of  the  lamiua,  mil  be  enough  to  disrupt  the-  small 
cooncrtions  and  send  the  suicidal  member  lo  its  grave.  Such  is  the 
Vktary  of  the  fall  of  the  leaf.  We  have  found  that  it  is  not  nn  ac- 
ridenial  bccurrence,  arising  simply  from  the  vicissitudes  of  tempem- 
tan  am!  the  h'kc,  but  a  regular  and  vital  process,  wluch  commences 
widi  ihc  firwt  formation  of  the  organ,  and  is  completed  only  when 
Aat  u  no  lunger  uselul ;  and  we  cannot  help  admiring  the  wonder- 
fill  provision  that  heals  the  wound  even  before  it  is  absolutely  made, 
nd  allbrds  a  covering  from  atmospheric  changes  before  the  part  can 
k  Biilyi^led  to  them."  •  Leaves  fall  by  an  articnlation  in  most 
Exogenous  plants,  where  the  insertion  usually  occupies  only  a 
■oderate  part  of  the  circimifereoce  of  the  stem,  and  especially  in 
thue  will)  woody  Etems  which  continue  to  increase  in  diameter. 
When  ihey  are  not  cast  off  in  autumn,  therefore,  the  di!<ruption 
fimiiably  takes  plac<  the  nest  spring  or  whenever  the  circumfcr- 

•  Dr.  Inman,  in  Eeamfi  D-Amical  Gazrar,  Vot.  1.  p.  61. 
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ence  further  enlarges.  But  in  most  Endogenous  plants,  where  the 
leaves  are  scarcely,  if  at  all,  articulated  with  the  stem,  which  in- 
creases little  in  diameter  subsequent  to  its  early  growth,  they  are 
not  thrown  off,  but  simply  wither  and  decay ;  their  dead  bases  or 
petioles  being  often  persistent  for  a  long  time. 

311.  The  Death  of  the  Leaf,  however,  in  these  and  other  cases,  is 
still  to  be  explained.  Why  have  leaves  such  a  temporary  exist- 
ence ?  Wliy  in  ordinary  cases  do  they  last  only  for  a  single  year, 
or  a  single  summer  ?  An  answer  to  this  question  is  to  be  found 
in  the  anatomical  structure  of  the  leaf,  and  the  nature  and  amount 
of  the  fluid  which  it  receives  and  exhales.  The  water  continually 
absorbed  by  the  roots  dissolves,  as  it  percolates  the  soil,  a  small 
portion  of  earthy  matter.  In  limestone  districts  especially,  it  takes 
up  a  sensible  quantity  of  carbonate  and  sulphate  of  lime,  and  be- 
comes hard.  It  likewise  dissolves  a  smaller  proportion  of  silex, 
magnesia,  potash,  &c.  A  part  of  this  mineral  matter  (44,  93)  is  at 
once  deposited  in  the  woody  tissue  of  the  stem ;  but  a  larger  por- 
tion is  carried  into  the  leaves,  where,  as  the  water  is  exhaled 
pure,  all  this  earthy  substance,  not  being  volatile,  must  be  left  be- 
hind to  incrust  the  delicate  cells  of  the  parenchyma,  much  as  the 
vessels  in  which  water  is  boiled  for  culinary  purposes  are  in  time 
incrusted  with  an  earthy  deposit.  This  earthy  incrustation,  in  con- 
nection with  the  deposition  of  organic  solidified  matter,  must  grad- 
ually choke  the  tissue  of  the  leaf,  and  finally  unfit  it  for  the  per- 
formance of  its  offices.  Hence  the  fresh  leaves  most  actively  fulfil 
their  functions  in  spring  and  early  summer ;  but  languish  towards 
autumn,  and  erelong  inevitably  perish.  Hence,  although  the  roots 
and  branches  may  be  permanent,  the  necessity  that  tlie  leaves 
should  be  annually  renewed.  But  the  former  are,  in  fact,  annually 
renewed  likewise  ;  and  life  abandons  the  annual  layers  of  wood  and 
bark  almost  as  soon  as  it  does  the  leaves  they  supply  (224,  231), 
and  for  similar  reasons ;  although  their  situation  is  such  that  they 
become  part  of  a  permanent  structure,  and  serve  to  convey  the  sap, 
even  when  no  longer  endowed  with  \itality. 

312.  The  general  correctness  of  this  vicw^ay  be  tested  by  direct 
microscopical  observation.  In  Fig.  223, 224,  some  superficial  paren- 
chyma thus  obstructed  by  long  use  is  represented;  and  similar 
illustrations  may  be  obtained  from  ordinary  leaves.  That  this 
deposit  consists  in  great  part  of  earthy  matter,  is  shown  by  care- 
fully burning  away  the  organic  materials  of  an  autumnal  leaf  over 
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It  Inmp,  Biul  ex&mining  tlic  ashes  by  the  microscope ;  which  will  be 
found  very  perfectly  to  exhibit  tlie  form  of  tlie  cells.  The  ashea 
which  remmn  when  a  leaf  or  other  vegetable  aubslimce  is  bunicd 
in  the  ojxui  air,  rcpre^nt  the  earthy  materiitls  which  it  lias  accu- 
mulated. A  vernal  leaf  leaves  only  a  bdulU  quantity  of  ashes ;  an 
autuimml  k-af  yields  a  very  large  proportion,  —  from  ten  to  thirty 
timta  ae  much  as  the  wood  of  the  same  spcuicj  ;  although  the  leavca 
cootaia  the  deposit  of  a.  single  season  only,  wliile  the  heart-wood  is 
loftded  will)  the  accumulations  of  successive  years.* 

313.  Elbtlatian  from  tlw  Ltaves,  The  quantity  of  wat«v  exhaled 
fimn  tiko  leaves  during  aclivo  vegetation  ia  very  great.  In  one  of 
tbe  weil-kno(Tn  experiments  of  Ilalc^,  a  Sunflower  three  and  a  lialf 
fcet  high,  wiih  a  surfiice  of  5,616  square  inches  exposed  to  tbe  lur, 
wta  found  to  perspire  at  the  rate  of  twenty  to  thirty  ounces  avoirdu- 
pois evtay  twelve  hours,  or  seventeen  times  more  than  a  mim.  A 
Vine,  with  twelve  square  feet  of  foliage,  exhaled  at  the  rate  of  five 
or  six  ounces  a  day ;  and  a  seedling  Applet-tree,  with  eleven  square 
figet  of  foliage,  lost  nine  ounces  a  day.  The  amount  varies  with  the 
d^ree  of  warmth  and  dryness  of  the  air,  and  of  exposure  to  light ; 
ukI  is  also  very  different  in  ditferent  species,  some  exhaling  more 
eopioosly  even  than  the  Sunflower.  But  when  we  consider  the  vast 
pempjring  surface  presented  by  a  large  tree  in  full  leaf,  it  is  evident 
tiwt  the  quontity  of  watery  Vapor  it  esluUes  must  be  immense. 
Thiff  exhalation  is  dependent  on  the  capacity  of  the  air  for  moisture 
■t  the  time,  and  upon  llie  presence  of  tbe  sun ;  often  it  is  scarcely 
poc^Kible  during  the  night.  The  Sunflower,  in  the  espenmcnt  of 
H«lee,  lc«t  only  three  ounces  in  a  wann,  dry  night,  and  underwent 
ae  diminution  daring  a  dewy  night. 

814.  Silt  ot  Ihe  Bap.  Now  this  exliohuion  by  the  leaves  requires 
A  eonesponding  absorption  by  the  roots.  The  one  is  the  measure 
of  the  otlurr.  If  the  leaves  exhale  more  in  a  given  time  tlinn  the 
TOOU  can  restore  by  absorption  from  the  soil,  the  foliage  droops ; 
mm  sec  in  a  hot  and  dry  summer  afternoon,  when  the  drain  by 

•  tt>a  dried  leaves  of  tbe  Elm  coataJa  more  Ihan  eleven  pec  cent  of  aahes, 
vhOa  die  mod  coniains  leu  ibnn  two  percent;  thoeo  of  the  Willonr,  moru 
Aaa  C%l>t  per  cent,  while  ihe  wood  bns  only  0A5 ;  chose  of  the  Ueci'li,  G,G9, 
tta  w«od  0017  0^ :  those  or  ihe  (European)  Oak,  4.05,  the  wood  only  0,31 ; 
IIbk  ot  the  Pilch-Fioc,  3.15,  the  wood  only  0.35  per  ccat  Hence  the  ilccajittg 
Wi^e  in  ooi  tatvsa  rtsioT«a  to  (he  boQ  a  largo  proportion  of  the  iaotganie 
■Mlcr  wbkh  the  trcei  {ram  year  to  year  take  From  it. 
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exhalation  is  very  great,  while  a  further  supply  of  moisture  can 
hardly  be  extorted  from  the  parched  soil ;  —  as  we  observe  also  in 
a  leafy  plant  newly  transplanted,  where  the  injured  rootlets  are  not 
inunediately  in  a  fit  condition  for  absorption.  Ordinarily,  how- 
ever, exhalation  by  the  leaves  and  absorption  by  the  roots  are  in 
direct  ratio  to  each  other,  and  the  loss  sustained  by  the  leaves  is 
inunediately  restored  (by  endosmosis,  40)  through  the  ascent  of  the 
sap  from  the  branches,  the  latter  being  constantly  supplied  by  the 
stem ;  so  tliat,  during  active  vegetation,  the  sap  ascends  from  the 
remotest  rootlets  to^he  highest  leaves,  at  a  rate  corresponding  to 
the  amount  of  exhalation.  The  action  of  the  leaves  is,  therefore, 
the  principal  mechanical  cause  of  the  ascent  of  the  sap.  This  is 
well  illustrated  when  a  graft  has  a  different  time  of  leafing  from 
that  of  the  stock  upon  which  it  is  made  to  grow,  the  graft  wholly 
regulating  the  season  or  temperature  at  which  the  sap  is  put  in 
motion,  and  controlling  the  habits  of  the  original  stock.  Also  by 
introducing  the  branches  of  a  tree  into  a  conservatory  during 
winter ;  when,  as  their  buds  expand,  the  sap  in  the  trunk  without 
is  set  unseasonably  into  motion  to  supply  the  demand. 

3lo.  During  the  summer's  vegetation,  while  the  sap  is  consumed 
or  exhaled  almost  as  fast  as  it  enters  the  plant,  no  considerable  ac- 
cumulation can  take  place :  but  in  autumn,  when  the  leaves  perish, 
the  rootlets,  buried  in  the  soil  beyoftd  the  influence  of  the  cold, 
which  checks  all  vegetation  above  ground,  continue  for  a  time  slowly 
to  absorb  the  fluid  presented  to  them.  Thus  the  trunks  of  many 
trees  are  at  this  season  gorged  with  sap,  which  -will  flow  from  in- 
cisions made  into  the  wood.  This  sap  undergoes  a  gradual  change 
during  the  winter,  and  deposits  its  solid  matter  in  the  cells  of  the 
wood.  The  absorption  recommences  in  the  spring,  before  new 
leaves  are  expanded  to  consume  the  fluid ;  chemical  changes  take 
place ;  the  soluble  matters  in  the  tissue  of  the  stem  are  redissolved, 
and  the  trunk  is  consequently  again  gorged  with  sap,  which  will 
flow,  or  Ueedy  when  wounded.  But  when  the  leaves  resume  their 
functions,  or  when  flowers  are  developed  before  the  leaves  appear, 
as  in  many  forest-trees,  this  stock  of  rich  sap  is  rapidly  consumed, 
and  the  sap  will  no  longer  flow  from  an  incision.  It  is  not,  there- 
fore, at  the  period  when  the  trunk  is  most  gorged  with  sap,  in  spring 
and  autinnn,  but  when  least  so,  during  summer,  that  the  sap  is  prob- 
ably most  rapidly  ascending. 
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CHAPTER     VI. 


OF  THE  POOD   AND   NCTRITION   OF  PLANTS. 


TT.  L    TiiE  Gekebal  Phtsioloov  of  Veoetatioit. 

816.  Thr  Organs  of  Vcgelation  or  Nulrilion  (llift>;e  by  which 
ploalB  ^row  nnd  form  their  viuious  protlucbi)  having  now  been  con- 
kideml,  bodi  uB  to  their  structure  luid  to  mme  extent  as  to  [heir 
Ktioii,  wo  are  prepared  to  tuke  a  comprehensive  Burvey  of  the 
geDeral  re>uIiH  of  vegetation ;  lo  inquire  into  the  elementar^r  com- 
pwltim  uf  plants,  the  nature  of  the  food  by  wliiuh  they  are  nonr- 
bbcd,  llic  sources  from  which  this  food  is  derived,  and  Ihc  Iransfbr- 
loMions  it  imdergoex  in  Uieir  eyf>tem.  It  is  in  vegetable  digestion. 
QT)  to  use  »  better  term,  in  atsimiialion,  that  the  essential  nature  of 
T^euuion  iii  ID  be  sought,  since  it  h&  in  tliis  process  alone  that  min- 
eral, unorganized  matter  is  converted  into  the  fiasue  of  plants  and 
Mbcr  furmi  of  organized  mailer  (I,  12-lG).  From  this  jMiint  of 
vieir,  therefore,  the  reciprocal  relations  and  influences  of  the  mtn- 
tni,  %-ic^tiiI(lis,  and  animal  kingtioms  may  be  mo$t  advantt^eously 
omlemplated,  and  the  office  of  plants  in  the  general  economy  of  the 
vorU  be«t  understood.  This  portion  of  general  physiology  ts  inti- 
nauly  connected  with  chemistry,  and  some  knowledge  of  that  sci- 
(■ee  IS  reqaiidte  for  nndi^rstanding  it.  We  are  here  restricted  to 
At  bw  tlat««aent  of  the  leading  facts  which  are  thought  to  be 
Wablifbed,  and  the  more  important  deductions  which  may  bo  drawn 
fim  tlicm. 

8)7.  Wliile  the  organs  of  vegetation  have  been  considered  ana- 
tanfeaUy  and  morphologically,  or  in  view  of  their  structure  and 
derdopmL-Dt,  «till  the  leading  points  of  their  physiology,  or  connected 
Mioo  in  the  life  and  growth  of  tlic  plant,  have  from  time  lo  time 
kai  «s  plained  or  assumed. 

SltL  Tlie  functions  of  nutrition,  which,  in  the  higher  animals. 
femprino  a  laricty  of  distinct  processes,  arc  reduced  lo  the  greatest 
if^ii  I  of  fJmpticity  in  vegetables.  Imbibitwn,  assiniilatloii,  tiad. 
fntetA  ps*Mili(d]y  include  the  whole. 

819.  Plants  absorb  their  food,  entirely  in  a  liquid  or  gaseous  form. 
tj  inbibilion,  according  to  the  hiiv  of  cndosmosis  (40),  through  the 
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walls  of  the  cells  that  form  the  surface,  principally  those  of  the 
newest  roots  and  their  fihrils  (133).  The  fluid  absorbed  by  the 
roots,  mingled  in  the  cells  with  some  previously  assimilated  matter 
they  contain  in  solution  (26,  79),  is  difiused  by  exosmosis  and  endos- 
mosis  from  cell  to  cell,  rising  principally  in  the  wood  (224,  230) ; 
and  is  attracted  into  the  leaves  (or  to  other  parts  of  the  surface  of 
the  plant  exposed  to  the  air  and  light)  by  the  exhalation  which 
takes  place  from  them  (314),  and  the  consequent  inspissation  of  the 
sap.  Here,  exposed  to  the  light  of  the  sun,  the  crude  sap  is  assimi- 
lated, or  converted  into  organizable  matter  (79)  ;  and,  thus  prepared 
to  form  vegetable  tissue  or  any  organic  product,  the  elaborated  fluid 
is  attracted  into  growing  parts  by  endosmosis,  in  consequence  of  its 
consumption  and  condensation  there,  or  is  diflused  through  the  newer 
tissues.  There  is  no  movement  in  plants  of  the  nature  of  the  cir- 
culation in  animals.  Even  in  the  so-called  vessels  of  the  latex 
there  is  merely  a  mechanical  flow  from  the  turgid  tubes  towards  the 
place  where  the  liquid  is  escaping  when  wounded,  or  from  a  part 
placed  under  increased  pressure  (63).  The  only  circulation,  or 
directly  vital  movement  of  fluid,  in  vegetable  tissue,  is  the  cyclosis, 
or  the  system  of  currents  in  the  layer  of  protoplasm  in  young  and 
active  cells  (36) :  this  movement  is  confined  to  the  individual  cell, 
and  can  have  no  influence  in  the  transference  of  the  sap  from  cell 
to  celL  Respiration  is  likewise  a  function  of  animals  alone.  What 
is  generally  so  called  in  vegetables  is  connected  with  assimilation, 
and  is  of  entirely  different  physiological  signiflcance,  as  will  pres- 
ently be  shown.  None  of  the  secretions  of  plants  appear,  like 
many  of  those  of  animals,  to  play  any  part,  at  least  any  essential 
part,  in  nutrition.  Many,  if  not  all  of  them,  are  purely  chemical 
transformations  of  the  general  assimilated  products  of  plants, — are 
excretions  rather  than  secretions  (88  -  90). 

320.  The  appropriation  of  assimilated  matter  in  vegetable  growth, 
and  the  production  and  multiplication  of  cells,  which  make  up  the 
fabric  of  the  plant,  have  already  been  treated  of  (25-34).  We 
have  now  mainly  to  consider  what  the  food  of  plants  is,  whence  it  is 
derived,  and  how  it  is  elaborated* 


THEIR   ELEMHSTAKT   CONSTITUENTS. 


Sect.  II.    The  Food  and  rm 

OF  Plants. 

321.  Tht  Food  and  Uic  clcmenlaiy  composillon  of  plants  eland 
in  a  nL-cc«sary  relation  to  eacli  other.  Since  it  is  not  to  be  sap- 
po^ed  that  plants  possess  the  power  of  crenting  any  simple  element, 
whutever  lliey  consist  of  must  have  been  derived  from  without, 
Tlieir  composition  indicates  their  food,  and  vice  vers3.  If  wo  have 
learned  the  chemical  compo»ilion  of  a  vegetable,  and  al^o  what  it 
gives  back  to  tlie  soil  and  the  air,  we  know  consequently  what  it 
mast  hnve  derived  from  without,  that  is,  its  food.  Or,  if  we  have 
osoertiuned  what  the  plant  takes  from  the  soil  and  air,  and  what  it 
rvtnma  to  them,  we  have  learned  its  chemical  composition,  namely, 
the  diHcrenee  between  these  two.  And  when  we  compare  the  na- 
lara  and  condition  of  (he  materials  which  the  plant  takes  from  the 
seal  and  the  air  with  what  it  gi\'e3  back  to  them,  we  may  form  a 
correct  notion  of  the  influence  of  vegetation  upon  the  mineral  king- 
dom. By  considering  die  materials  of  which  plants  arc  composed, 
we  may  learn  what  their  food  must  necessarily  contain. 

323.  The  CODltitluatl  of  Flaalx  arc  of  two  kinds  ;  the  earthy  or  I'n- 
oryanic,  and  the  organic.  It  has  been  slated  (93)  that  various 
ttrthy  mailer?,  dissolved  by  llie  water  which  the  roots  absorb,  are 
ifaawn  into  the  plant,  and  at  length  deposited  in  the  wood,  leaves, 
4c  These  form  the  ashes  which  are  left  on  burning  a  leaf  or  a 
peee  of  wood.  Although  ihesc  mineral  mattcra  are  often  turned 
by  the  plant,  and  some  of  them  arc  necessary  in  the 
of  certain  products,  (as  the  siler  which  ^vcs  needfijl 
to  the  sittlk  of  Wheat,  and  the  phosphates  which  are  found 
is  tbc  grain,)  yet  none  of  ibcm  are  essential  to  simple  vegetation, 
«kidi  may,  to  a  certain  extent,  proceed  without  them.  These 
ndaiaJs,  the  presence  of  which  is  !n  some  sort  accidental,  although 
ftr  certain  purposes  essential,  arc  distinguished  as  the  earthy,  or 
mitral,  or  inorganic  eonafituetilt  of  plants.  This  class  may 
be  left  entirely  out  of  view  for  the  present.  But  the  analysis  of 
my  Dcwiy  formed  vegetable  tissue,  or  of  any  part  of  the  plant, 
Mdi  as  a  piece  of  wood,  after  the  incnisting  mineral  mailer  has 
k(a  dkcmically  removed,  invariably  yields  but  three  or  four  ele- 
■enta.  These,  winch  are  indispensable  to  vegetation,  and  make 
■p  at  least  ftom  eighty-eight  to  ninety-nine  per  cent  of  c 
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table  substance,  are  termed  the  universal^  organic  constituents  of 
plants.  They  are  Carbon,  Hydrogen,  Oxygen,  and  Nitrogen  (10, 
27).  The  proper  vegetable  structure,  tliat  is,  the  tissue  itself, 
consists  of  only  three  of  these  elements,  namely,  carbon,  hydroga:!, 
and  oxygen ;  while  the  fourth,  nitrogen,  is  an  essential  constituent 
of  the  protoplasm,  which  plays  so  important  a  part  in  the  formation 
of  the  cells  and  is  an  element  of  one  class  of  vegetable  products. 

323.  The  Orgaolc  GonsUtaentS.  These  four  elements  must  be  fur- 
nished by  the  food  upon  which  the  vegetable  lives ;  —  they  must 
be  drawn  from  the  soil  and  the  air ;  in  some  cases,  doubtless,  from 
the  latter  source,  as  in  Epiphytes,  or  Air-plants  (149),  but  gener- 
ally and  principally  by  absorption  tlirough  the  roots.  The  plant's 
nourishment  is  wholly  received  either  in  the  gaseous  or  the  liquid 
form ;  for  the  leaves  can  imbibe  air  or  vapor  only,  and  the  roots  are 
incapable  of  taking  in  particles  of  solid  matter,  however  minutely  di- 
vided (40,  133). 

324.  In  whatever  mode  imbibed,  evidently  the  main  vehicle  of 
the  plant's  nourishment  is  water,  which  as  a  liquid  or  as  vapor  is 
continually  in  contact  with  its  roots,  and  in  the  state  of  vapor  always 
surrounds  its  leaves.  We  have  seen  how  copiously  water  is  taken 
up  by  the  growing  plant,  and  have  formecf  some  general  idea  of  its 
amount  by  the  quantity  tliat  is  exhaled  unconsumed  by  the  leaves 
(313).  But  pure  water,  although  indispensable,  is  insufficient  for 
the  nourislmient  of  plants.  It  consists  of  oxygen  and  hydrogen ; 
and  therefore  may  funiish,  and  doubtless  does  principally  furnish, 
these  two  essential  elements  of  the  vegetable  structure.  But  it  can- 
not supply  what  it  does  not  itself  contain,  namely,  the  carbon  and 
nitrogen  which  the  plant  also  requires. 

325.  Yet  the  question  arises,  whether  the  water  which  the  plant 
actually  imbibes  contains  in  fact  a  quantity  of  these  remaining 
elements.  Though  pure  water  cannot,  may  not  rain-water  supply 
the  needful  carbon  and  nitrogen  ?  It  is  evident  that,  if  the  water 
which  in  such  large  quantities  rises  through  the  plant,  and  is  ex- 
haled from  its  leaves,  contain  even  a  very  minute  quantity  of  these 
ingredients,  in  such  a  fonn  that  they  may  be  detained  when  the 
superfluous  water  is  exhaled,  this  might  fumish  the  whole  organic 
food  of  the  vegetable ;  since  the  plant  may  condense  and  accumu- 
late  the  cai'bon  and  nitrogen,  just  as  the  extremely  minute  quanti^ 
of  earthy  matter  which  the  water  contxdns  is  in  time  largely  accu- 
mulated in  the  leaves  and  wood. 
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3?6.  Ab  rcspccta  the  nitrofren,  nearly  spventy-nine  per  cent  of 
the  atmosphere  consols  of  this  gas  in  an  uncombine^  or  free  slate, 
thai  is,  merely  mingled  wiili  oxygen.  And,  being  soluble  to  some 
eictent  in  water,  every  rain-Jrop  lliat  falk  through  the  air  absorbs 
and  brings  to  the  ground  a.  minute  quantity  of  it,  which  is  therefore 
nece&sarily  introduced  into  ihc  plant  with  the  water  which  iho  roola 
imbilK.  This  accounts  for  the  &ee  nitrogen  which  is  always  pres- 
ent In  pbtDU. 

S27.  The  plant  ahio  receives  nitrogen  in  the  form  of  smmomn 
(or  horfshom),  a  compound  of  hydrogen  and  nitrogen,  wliich  is 
always  produced  when  any  animal  and  almost  nny  vegetable  sab- 
(tonce  decays,  and  which,  being  very  volatile,  conlinaally  rises  mto 
iho  wr  from  these  and  other  sources.  Besides,  it  appears  to  be 
formed  in  the  atmosphere,  through  electrical  action  in  thunder-slorms 
(in  the  form  of  nitrate  of  ammonia).  The  eitreme  solubility  of  am- 
monia and  all  its  compounds  prevents  its  accumulation  in  the  atmos- 
phere, from  which  it  is  greedily  absorbed  by  aqueous  vapor,  and 
broaght  down  to  the  ground  by  rain.  That  the  roots  actually  ab* 
lorb  it  may  be  inferred  from  the  familiar  facts,  that  plants  grow 
mwt  luxuriantly  when  the  soil  is  supplied  with  substances  which 
field  much  ammonia,  snch  as  animal  manures ;  and  that  ammonia 
■Buy  be  delected  in  the  juices  of  almost  all  plants.  That  the  am- 
mtnta  m  the  air,  and  the  nitre  almost  everywhere  formed  in  a  fertile 
hD,  and  not  the  free  nitrogen  of  the  atmosphere,  take  the  principal 
part  In  the  formation  of  the  protoplasm  and  other  quaternary  ele- 
nmlB  of  planU,  is  demonstrated  by  Boussinganlt's  expcrimente, 
Acnring  that  a  seedling  from  which  all  nitrogen  is  excluded  except 
Ami  free  nilrqgen  of  the  air,  as  it  regetal^s  docs  not  increase  ihe 
naottnt  of  azolised  mailer  it  originally  had  in  the  seed,  but  dimin- 
UiM  it."  Rain-water,  therefore,  contains  the  third  element  of 
fCgetation,  namely,  nilrogtai,  both  in  a  separate  form  and  in  that  of 

828.  The  source  of  the  remaining  constituent,  carbon,  is  still  to 
be  MKight.  Of  this  element  pLants  must  require  a  copious  supply, 
Ak«  U  forms  much  the  largest  portion  of  their  bnllc  If  ihe  carbon 
•f  a  leaf  or  of  a  piece  of  wood  be  obtained  separate  from  the  other 
apnk  element^ — which  may  be  done  by  charring,  that  is,  by 
hMiog  it  out  of  contact  with  the  air,  so  as  to  drive  off  the  oxygen, 

■  Cim^»M  Bania.  !Io*tnb«r  SS,  1953,  and  Arm.  Sd.  JVofunAs,  ser.  4,  YtiL 
I  *1  (IftM) ;  alio  ToL  T  (I»ST),  ihowiiig  the  part  which  man  plaji. 
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hydrogen,  and  carbon,  —  although  a  small  part  of  the  carbon  is 
necessarily  lost  in  the  operation,  yet  what  remains  perfectly  pre- 
serves the  shape  of  the  original  body,  even  to  that  of  its  most 
delicate  cells  and  vessels.  With  the  exception  of  the  ashes,  this 
consists  of  carbon,  or  charcoal,  amounting  to  from  forty  to  sixty 
per  cent,  by  weight,  of  the  original  material.  Carbon  is  itself  a 
solid,  absolutely  insoluble  in  water,  and  therefore  incapable  of  as- 
sumption by  the  plant.  The  chief,  if  not  the  only,  fluid  compound 
of  carbon  which  is  naturally  presented  to  the  plant,  is  that  of  car- 
bonic acid  gas,  which  consists  of  carbon  united  with  oxygen.  Tliis 
gas  makes  up  on  the  average  one  2500th  of  the  bulk  of  the  at- 
mosphere ;  from  which  it  may  be  directly  absorbed  by  the  leaves. 
But,  being  freely  soluble  in  water  up  to  a  certain  point,  it  must  also 
be  carried  down  by  the  rain  and  imbibed  by  the  roots.  The  car- 
bonic acid  of  the  atmosphere  is  therefore  the  great  source  of  carbon 
for  vegetation. 

829.  It  appears,  then,  that  the  atmosphere  —  considering  water 
in  the  state  of  vapor  to  form  a  component  part  of  it  —  contains  all 
the  essential  materials  for  the  growth  of  vegetables,  and  in  the  form 
best  adapted  to  their  use,  namely,  in  the  fluid  state.  It  furnishes 
water,  which  is  not  only  food  itself,  inasmuch  as  it  supplies  oxygen 
and  hydrogen,  but  is  likewise  the  vehicle  of  the  others,  conveying 
to  the  roots  what  it  has  gathered  from  the  air,  namely,  the  requisite 
supply  of  nitrogen,  either  as  such  or  in  the  form  of  ammonia,  and 
of  carbon  in  the  form  of  carbonic  acid. 

330.  These  essential  elements,  the  whole  proper  food  of  plants, 
may  he  absorbed  by  the  leaves  directly  from  the  air,  in  the  state  of 
gas  or  vapor.  Doubtless  most  plants  actually  take  in  no  small  part 
of  their  food  in  this  way.  Dix)oping  foliage  may  be  revived  by 
sprinkling  with  water,  or  by  exposure  to  a  moist  atmosphere.  A 
vigorous  branch  of  the  common  Live-for-ever  (Sedum  Telephium), 
or  of  many  similar  plants,  it  is  well  kno>\ii,  will  live  and  grow  for  a 
whole  season  when  pinned  to  a  dry  and  bare  wall ;  and  the  Epi- 
phytes, or  Air-plants  (149),  as  they  arc  aptly  called,  must  derive 
their  whole  sustenance  immediately  from  the  air ;  for  they  liave  no 
connection  with  the  ground.  That  leaves  absorb  carbonic  acid 
directly  from  the  air  is  readily  shown  (348). 

331.  But,  as  a  general  statement,  it  may  be  said  that  plants,  al- 
though they  derive  their  food  from  the  air,  receive  it  mainly  through 
their  roots.    The  aqueous  vapor,  condensed  into  rain  or  dew,  and 
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igitig  with  it  to  (he  ground  a  portion  of  earhonic  arid,  and  of 
nitrotjm  or  aninumia,  &c.,  supplies  tlie  appropriale  food  of  the  plant 
to  the  rootlets  (sometimes  In  a  liquid,  but  also  murh  of  it  in  a  gaseous 
form).  Imbibed  b^  tliese,  it  is  conveyed  tiiraugli  the  stem  and  into 
the  leaves,  wliere  Ihi>  superfluous  water  ia  restored  to  the  atmosphere 
by  exhalalion,*  wliile  the  residue  ia  converted  into  the  proper  nour- 
isfaincnt  and  substance  of  the  vegetable. 

332.  The  atmosphere  w  therefore  the  great  BtorehooM  from 
vrUch  vegetables  derive  their  nourishment ;  and  it  might  be  clearly 
fbown  that  all  the  eonstiluenis  of  plants,  excepting  tlie  small  earthy 
portion  that  jnnny  can  do  without,  have  at  some  period  formed  a 
port  of  ihe  atmosphere.  The  vegetable  kingdom  represents  an 
smount  of  matter,  which  plants  have  withdrawn  from  the  air,  organ- 
ued.  and  confined  for  n  time  to  the  surface. 

333.  Does  it  therefore  follow,  that  the  soil  merely  serves  as  a 
foothold  to  plaat^,  and  that  all  vegetables  obtain  their  whole  nour- 
iiiliment  directly  from  the  atmosphere  ?  This  must  have  been  the 
cue  with  the  first  plants  lliat  grew,  when  no  vegetable  or  animal 
mstlcr  CJusted  in  the  soil ;  and  uo  lesa  eo  nnth  the  first  vegetation 
tiua  covers  small  volcanic  ishmds  raised  in  our  own  ^roea  from  the 
m,  or  the  stirfiice  of  lava  thrown  from  ordinary  volcanoes.  No 
KgMable  mailer  ia  brought  to  the^e  perfectly  sterile  mineral  soils, 
except  the  minute  portion  contained  in  the  seeds  wafied  ihilhcr  by 
wfoiU  or  wave^.  And  yet  in  time  a  vast  quantity  is  produced,  which 
]t  represented  not  only  by  the  existing  vegetation,  but  by  the  mould 
tfaU  the  decay  of  previous  generations  has  imparteil  to  the  soil.  AVo 
Wlire  at  the  same  result  by  the  simple  experiment  of  causing  a 

ir  exhaled  may  bo  agiua  lUisorhcd  hy  the  root«,  liidcn  with  a  now 

if  the  other  elcmimu  trom  the  air,  ag]un  exhaled,  and  eo  on  ;  oa  U 

ly  iUiutnicd  by  Iho  cultivation  of  plants  in  closed  Ward  coki,  wlicru 

o  flanriiii  for  a  long  timo  wiih  a  very  liiniled  supply  of  nalcr, 

Mticle  of  which   (cxcqil  Iho  Bmull   [lortion  actually  amiaiard  by  Iho 

>t  pass  repeatedly  through  thin  cireulntiou.    Tliis  Tcgvtublc  tnipro- 

U  cxbihii«  the  actual  relations  of  wnlcr,  Sx.  to  vegclolioQ  on  a  Inrgc 

re  :  vhcra  tho  water  is  allurnalcly  and  repcmedly  niiticd  hy  crapo- 

1  Kcondenied  to  lach  extent  that  wliaC  actually  fulls  in  min  is  esd- 

I  »  bo  re^Taporalcd  and  nuocd  doirn  (on  tm  average  Ihroughoat  the 

»  or  liflcai  iimr«  in  the  courec  of  a  year.    In  this  wny  Ihe  aiinosphprc 

Bdly  washed  hy  iho  rain ;  and  thoio  yapors  Kashrd  oat  which  cl60  by 

mulalion  wonld  prore  injorioos  lo  men  and  animals,  and  conveyed  to 

liof  plants,  which  they  aio  especially  adapted  lo  nourish. 
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seed  of  known  weight  to  germinate  on  powdered  flints,  or  on  a  soQ 
which.has  been  heated  to  redness,  and  watering  it  with  rain-water 
alone.  When  the  young  plant  has  attained  all  the  development  it  is 
capable  of  under  these  circumstances,  it  will  be  found  to  weigh  (after 
due  allowance  for  the  silex  it  may  have  taken  up)  perhaps  fifty  ot 
one  hundred  times  as  much  as  the  original  seed.  There  can  be  no 
question  as  to  the  source  of  this  vegetable  matter  in  all  these  cases. 
TTie  requisite  materials  exist  in  the  air.  Plants  possess  the  peculiar 
faculty  of  drawing  them  from  the  air.  The  air  must  have  furnished 
the  whole.  This  conclusion  is  amply  confirmed  by  a  great  variety  of 
familiar  facts ;  such  as  the  continued  accumulation  of  vegetable  mat- 
ter in  peat-bogs,  and  of  mould  in  neglected  fields,  in  old  forests,  and 
generally  wherever  vegetation  is  undisturbed.  Since  this  rich 
mould,  instead  of  diminishing,  regularly  increases  with  the  age  of 
the  forest  and  the  luxuriance  of  vegetation,  the  trees  must  have 
drawn  from  the  air,  not  only  the  vast  amount  of  carbon,  &c.  that  is 
stored  up  in  their  trunks,  but  an  additional  quantity  which  is  im* 
parted  to  the  soil  in  the  annual  fall  of  leaves,  &c 

334.  Still  it  by  no  means  follows  that  each  plant  draws  all  its 
nourishment  directly  from  the  air.  This  unquestionably  happens 
in  some  of  the  special  cases  just  mentioned ;  with  Air-plants,  and 
with  those  that  first  vegetate  on  volcanic  earth,  bare  rocks,  naked 
walls,  or  pure  sand.  But  it  is  particularly  to  be  remarked,  that 
only  certain  tribes  of  plants  will  continue  to  live  under  such  cir- 
cumstances, and  that  none  of  the  vegetables  most  useful  as  food 
for  man  or  the  higher  animals  will  thus  thrive  and  come  to  matu* 
rity.  In  nature,  the  races  of  plants  that  will  grow  at  the  entire 
expense  of  the  air,  such  as  Lichens,  Mosses,  Ferns,  and  certain 
tribes  of  succulent  Flowering  plants,  gradually  form  a  soil  of  vege- 
table mould  during  their  life,  which  they  increase  in  their  decay ; 
and  the  successive  generations  live  more  vigorously  upon  the  in- 
heritance, being  supported  partly  upon  what  they  draw  from  the 
air,  and  partly  upon  the  ancestral  accumulation  of  vegetable  mould. 
Thus,  each  generation  may  enrich  the  soil,  even  when  consisting  of 
plants  that  draw  largely  upon  vegetable  matter  thus  accumulated ; 
for  these  annually  restore  a  portion  by  their  dead  leaves,  &c.,  and 
when  they  die  they  may  bequeath  to  the  soil,  not  only  all  that  they 
took  from  it,  but  all  that  they  drew  from  the  air.  It  is  in  tliis  way 
that  the  lower  tribes  and  so-called  useless  plants  create  a  soil,  which 
wiU  in  time  support  the  higher  plants,  of  immediate  importance  to 


SOURCE   OF  TUEIE   OROANIC   COSSTITUESTS,  185 

nan  iokI  Uie  higher  animala,  but  wliich  could  never  grow  ami  per- 
tetl  thtar  fruit,  if  left,  like  their  hnmblo  but  indispensable  predcces- 
■ors  to  derive  nn  unaided  subsislcnee  directly  Trom  tlm  inor<;anic 
wnld.  While  it  ia  strictly  true,  therefore,  tlint  all  the  orgailio  ele- 
ments hare  been  originally  derived  frfun  the  ^r,  it  is  not  irue  tliot 
what  b  contnincd  in  almost  any  given  plant,  or  in  any  one  crop,  iB 
inttnediuloly  drawn  from  this  source.  A  part  of  it  is  thus  euppliod, 
but  in  prciporiions  varying  greatly  in  different  species  and  under 
dtfitn'pnt  dreumstance^.  Undisturbed  vegetation  consequently  tends 
■IwajH  to  enrich  the  soil.  But  in  agriculture  iho  crop  is  ordinarily 
removed  from  the  land,  and  with  it  not  only  what  it  has  taken  from 
the  earth,  but  also  what  it  has  dra^i'n  from  the  air ;  and  the  soil  ia 
accordingly  impoverished.  Hence  (he  fanner  finds  it  necessary 
lo  follow  the  example  of  nature,  and  to  restore  to  the  land,  in  the 
fbmi  of  manure,  an  amount  substantially  equivalent  lo  what  he 


S35.  The  mode  in  which  vegetable  mould  is  turned  lo  acooimt 
by  growing  plants  liaa  not  yet  been  sufficiently  invcHtigRled.  Ae- 
eording  to  Liebig,  the  decaying  vegetable  matter  is  not  employed 
untn  It  has  been  resolved  into  its  orlgmal  inorganic  elemenU, 
aandy,  ialo  water,  carbonic  acid,  ammonia,  &c. ;  which  are  imbibed 
by  the  roots  both  directly  in  the  gaseous  state,  and  when  taken  up  by 
the  water  as  it  pereohites  through  the  soil.*  Others  suppose  that  a 
portion  of  the  food  whiefa  plants  derive  from  decaying  vegetable 
ailler  may  consist  of  soluble,  still  organic  compounds.  The  econ- 
taj  oC  the  greenlt«9  pamsilic  plants  (lo2)  b  adduced  in  confirma- 
dOD  oTlliis  view ;  but  these  are  nourished  by  tlie  foster  plant  just  as 
lis  own  flowers  aro  nourished.  Decisive  evidence  to  llie  point  ia 
bnmfaed  by  Fungi,  the  greater  part  of  which  live  ujKin  decaying 
mpt&a  matter,  and  have  not  the  power  of  forming  organizable  pro- 


•  VUle  it  laaj  be  rightly  laid,  rimt  the  proportion  of  carbonic  ocici  in  tho 
tKtofphm  U  too  minDiG  direcilj  lo  supply  ordioiiry  vi^cuiion,  cAiK^dRllj 
te  of  etmleat  planU,  with  euflicicat  carbon,  this  caanot  be  suid  o{  tlic  air 
HtttoEd  in  the  porva  and  ciCTircs  of  the  soil,  at  least  in  ui;  fertile  soil.  Tbii 
A  ta  th*  Mil  contuiM  a  ta  Ivg^  proportion  of  cari>oaic  acid  ihun  ihe  niinos- 
flst  ahvKi  tho  exreta  being  dcrircd  putly  by  direct  aliHorptinn  or  bytha 
•aioa  of  nln,  aad  la  aa  enriched  soil  moro  krseljr  from  ibo  decay  of  tbu  mate- 
Ada  of  fnnii>T  geoaa^ooa  of  planu.  In  a  recently  manurul  H>il.  tlic  eurbooic 
ani  ordinarily  oinoBnti  evm  la  10  or  to  per  c«nL  S«e  Boomiagnalt  nnil  Lewy, 
ta  Jm.  &t.  Ka.  iO.  S,  VoL  19,  p.  13. 
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ducts  from  inorganic  materials ;  and  there  is  reason  to  think,  that 
some  Phaenogamous  plants  (of  which  our  Monotropa,  or  Indian  Pipe 
is  one)  are  nourished  in  this  way. 

836.  The  Earthy  ConstltnentS.  The  mineral  substances  which  form 
the  inorganic  constituents  of  plants  (322)  are  furnished  bj  the  soil, 
and  are  primarily  derived  fh)m  the  slow  disintegration  and  decom- 
position of  the  rocks  and  earths  that  compose  it.*  These  are  dis- 
solved, for  the  most  part  in  very  minute  proportions,  in  the  water 
which  percolates  the  soil,  (aided,  as  to  the  more  insoluble  earthy 
salts,  by  the  carbonic  acid  which  this  water  contains,)  and  with  this 
water  are  taken  up  by  the  roots.  However  minute  their  proportion 
in  the  water  wliich  the  roots  imbibe,  the  plant  concentrates  and 
accumulates  them,  by  the  exhalation  of  the  water  from  the  leaves, 
until  they  amount  to  an  appreciable  quantity,  often  to  a  pretty  large 
percentage,  of  the  solid  matter  of  the  vegetable.  As  might  be  ex- 
pected (312),  the  leaves  contain  a  much  hirger  amount  of  ashes,  or 
earthy  matter,  than  the  wood,  and  herbaceous  plants  more  than  trees, 
in  proportion  to  their  weight  when  dry.f 

337.  The  ashes  left  aft<er  combustion  arc  mostly  composed  of 
the  "  alkaline  clilorides,  with  the  bases  of  potash  and  soda,  earthy 
and  metallic  phosphates,  caustic  or  carbonate  of  lime  and  magnesia, 
silica,  and  oxides  of  iron  and  of  manganese.  Several  other  sub- 
stances are  also  met  with  there,  but  in  quantities  so  small  that  they 
may  be  neglected."  Different  species  growing  in  the  same  soil 
appear  to  take  in  some  portion  of  all  such  materials  as  are  natu- 


*  According  to  Liebig,  the  quantity  of  potash  contained  in  n  layer  of  soil 
formed  by  the  disintegration  of  40,000  square  feet  of  the  following  rocks,  &c, 
to  the  depth  of  twenty  inches,  is  as  follows.  This  quantity  of  Felspar  (a  large 
component  of  granite,  &c.)  contains  .  .  .  1,152,000  lbs. 

Clinkstone,  .....       from  200,000  to  400,000   " 

Basalt,  .....  "      47,500  "    75,000  «' 

Clay-slate,  ....."     100,000  "  200,000   " 

Loam,  .  .  .  .  .  .     "      87,000  **  300,000   " 

The  silex  yielded  to  the  soil  by  the  gradual  decomposition  of  granite  and 
other  rocks  is  in  the  form  of  a  silicate  of  potash  or  other  alkali,  wliich,  though 
insoluble  in  pure  water,  is  slowly  acted  upon  and  dissolved  by  the  united  action 
of  water  and  carbonic  acid,  or  more  largely  by  water  impregnated  with  carbon- 
ate of  potash,  which  is  abundantly  liberated  during  tlio  natural  decomposition 
of  these  rocks. 

t  The  subjoined  results,  selected  from  Boussingault,  exhibit  in  a  tabular  form 
the  relative  quantities  of  oi^anic  and  iuoi^gauic  coustitueuts  in  several  kinds  of 
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presented  to  llieni  in  soluiion,  but  not,  liowcver,  in  the  some 
proportions,  nor  in  proportion  to  the  relative  solubility  of  thefle 
ecteral  fubslnnc(?« ;  while,  on  the  other  hanil,  the  eamo  species  in 
diSeivot  looilitieti,  tuid  aUo  cauh  of  its  piLrticular  parts  or  organs, 
contiunji,  or  lends  to  conlnin,  the  some  mineral  constituents  in  nearly 
Ihc  Kime  proportion.  One  base,  however,  is  often  substituted  for 
anoihcr,  equiralent  for  equivalent,  as  magnesia  for  lirae,  soda  for 
pMB^  The  roots,  lliereforc,  appear  to  have  a  certain  power  of 
selection  in  respect  to  these  mineral  materials.  Kor  is  it  a  valid 
«tgiwliou  to  tUis  view,  that  they  alisorb  poisons  wliieli  destroy  them. 
These  are  either  organic  products,  such  oa  opium ;  or  else  are  cor- 
roMve  EulH>tance3,  such  as  sulphate  of  copper,  which  disorganize  the 
rooUrt*.  For  mutilated  roots  or  stems  absorb  all  dissolved  mRleritils  ' 
of  iho  p«pper  density  that  are  presented  to  them,  not  only  in  much 
larger  quantity  (so  long  as  the  cut  is  fi'Ciih)  than  do  uninjured  root- 
lets, but  almost  indifierently,  and  in  the  same  proportion  that  they 
daort)  the  water  they  are  dissolved  b. 

Sdd.  lo  the  ashes,  only  the  sails  which  resist  the  action  of  heat, 
■od)  tts  the  phosphates,  sulphates,  and  liydrochlorales,  are  in  the 
sUte  in  which  tJiey  existed  in  tlie  plant  itself.  A  great  part  of  the 
twrri  were  eomhined  with  organic  acids,  forme<l  in  the  plant,  and 
in»t  largely  with  the  oxalic  (8G)  :  these  compounds  are  by  lucinera- 
ttOR,  or  by  exposure  to  the  air,  principally  converted  into  carbonates. 

339.  It  being  indispensable  to  its  well-being  that  a  plant  should 
find  in  tlie  soil  such  mineral  matters  as  are  necessary  to  its  growth, 
m  perceive  why  various  Bpcclcs  will  only  flourish  in  particular  soils 
qr  ntoiuions ;  why  plants  which  lake  up  common  salt,  &c.  are  re- 
Itricted  to  the  6ea.4liore  and  to  the  vicinity  of  salt-springs  ;  why 


kriMge,  compared,  in  sorcral  ca^cs,  viith  tlie  r 
f>niiMuI]>  driven  off  by  thoiongb  dning. 
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numerous  weeds  which  grow  chiefly  around  dwellings,  and  follow  the 
footsteps  of  man  and  the  domestic  animals,  flourish  only  in  a  soil 
abounding  in  nitrates  (their  ashes  containing  a  notable  quantity 
either  of  nitrate  of  potash  or  of  lime)  ;  why  the  Vine  requires  alka- 
line manures,  to  replace  the  large  amount  of  tartrate  of  potash  which 
the  grapes  contain ;  and  why  Pines  and  Firs,  the  ashes  of  which 
contain  very  little  alkali,  will  thrive  in  thin  or  sterile  soils,  while  the 
Beech,  Maple,  Elm,  &c.,  abounding  with  potash,  are  only  found  in 
strong  and  fertile  land. 

340.  Where  vegetation  is  undisturbed  by  man,  all  these  needful 
earthy  materials,  which  are  drawn  from  the  soil  during  the  growth 
of  the  herbage  or  forest,  are  in  time  restored  to  it  by  its  decay, 
in  an  equally  soluble  form,  along  with  organic  matter  which  the 
vegetation  has  formed  from  the  air.  But  in  cultivation,  the  prod- 
uce is  carried  away,  and  with  it  the  materials  which  have  been 
slowly  yielded  by  the  soil.  "  A  medium  crop  of  "Wlieat  takes  from 
one  acre  of  ground  about  12  pounds,  a  crop  of  Beans  about  20 
pounds,  and  a  crop  of  Beets  about  11  pounds,  of  phosphoric  acid, 
besides  a  very  large  quantity  of  potash  and  soda.  It  is  obvious  that 
such  a  process  tends  continually  to  exhaust  arable  land  of  the 
mineral  substances  useful  to  vegetation  which  it  contains,  and  that  a 
time  must  come,  when,  without  supplies  of  such  mineral  matters,  the 

land  would  become  unproductive  from  their  abstraction In 

the  neighborhood  of  liu'ge  and  populous  towns,  for  instance,  where 
the  interest  of  the  farmer  and  market-gardener  is  to  send  the  largest 
possible  quantity  of  produce  to  market,  consuming  the  least  possible 
quantity  on  the  spot,  the  want  of  saline  principles  in  the  soil  would 
very  soon  be  felt,  were  it  not  that  for  eveiy  wagon-load  of  greens 
and  carrots,  fruit  and  potatoes,  com  and  straw,  that  finds  its  way 
into  the  city,  a  wagon-load  of  dung,  containing  each  and  every  one 
of  these  principles  locked  up  in  the  several  crops,  is  returned  to  the 
land,  and  proves  enough,  and  often  more  than  enough,  to  replace  all 
that  has  been  carried  away  from  it."  *  The  loss  must  either  be 
made  up  by  such  equivalent  return,  or  the  land  must  lie  fallow  from 

*  Boussinganit,  Economic  Rurale :  from  the  Engl.  Trans.,  p.  493.  Further : 
"It  may  bo  inferred > that,  in  the  most  frequent  case,  namely,  that  of  arable 
lands  not  sufficiently  rich  to  do  without  manure,  there  can  bo  no  continuous 
[indcpcndcntl  cultivation  without  annexation  of  meadow ;  in  other  words,  one 
part  of  the  farm  must  yield  crops  without  consuming  manure,  bo  that  this  may 
replace  the  alkaline  and  earthy  salts  which  are  constantly  withdrawn  by  sac* 
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time  to  time  tmtil  these  soluble  substances  are  restored  hy  further 
di^mtcgnition  of  tlie  materials  of  the  soil ;  or  meanwhile  the  more 
exhausting  crops  may  be  alternated  with  those  that  take  least  from 
the  g(»t  and  most  from  the  air ;  or  with  one  which,  like  clover, 
although  it  takes  up  77  pounds  of  alkali  per  acre,  may  be  consumed 
on  the  field,  so  as  to  restore  most  of  this  alkali  in  the  manure  for  the 
succeeding  crop. 

341.  It  has  been  asserted  that  the  advantage  of  preceding  a 
wheat  crop  hy  one  of  Leguminous  plants  (such  as  Peas,  Clover, 
Lucerne,  &c),  or  of  roots  or  tubers,  is  owing  to  the  fact,  that  these 
leave  the  phosphates,  &c  nearly  untouched  for  the  wheat  whicli  is 
to  follow,  and  which  largely  abstracts  them.  The  results  of  Bous- 
singault's  experiments  and  analyses  show  that  these  products  are 
£u  from  ha\-ing  the  deficiency  of  phosphates  which  was  alleged. 
"  For  example,  beans  a^d  haricots  take  20  and  13.7  pounds  of 
phosphoric  acid  Irom  every  acre  of  land ;  potatoes  and  beet-root 
take  11  and  12.8  poimds  of  that  acid,  exactly  what  is  found  in  a 
enp  of  wheat.  Trefoil  is  equally  rich  in  phosphates  with  the 
sbeavos  of  com  that  have  gone  before   iL"*      His   further  re- 

CEsuTG  harresti  fnnn  another  part.  Lands  enriched  by  riven  alone  permit  of  a 
total  and  rontinncd  export  of  their  prodnee  without  cxbamlion.  Such  ate  the 
Selda  fertilized  hj  the  innndatioiu  of  the  Kile ;  and  it  is  difficalt  to  form  an  idea 
erf  the  prodigious  qoanlitiea  of  phospliorie  add,  magnesia,  and  potash,  irhidi, 
in  a  aacccsjion  of  tget,  have  passed  oat  of  Egypt  with  her  incessant  cipons  of 
ooni."  —  p.  S03. 

*  Bonsdingsolt,  /,  c,  p.  497.  —  Subjoined  is  a  tahlc,  from  Ihc  same  work,  of 
lAe  ptrrrnla^  of  Jlinevl  SiJ/Mtanett  taLen  up  film  tht  tott  ly  tarious  planU  groicn 
at  Btchamun. 
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searches  seem  to  show  that  these  crops  exhaust  the  soil  less  than 
the  cereal  grains,  in  part  at  least,  on  account  of  the  large  quantity 
of  organic  matter,  rich  in  nitrogen,  which  they  leave  to  be  incor- 
porated with  the  soil.  The  theory  of  rotation  in  crops,  founded  by 
De  Candolle  on  the  assumption  that  excretions  from  the  roots  of  a 
plant  accumulate  in  the  soil  until  in  time  they  become  injurious 
to  that  crop,  but  furnish  appropriate  food  for  a  different  species, 
is  entirely  abandoned  as  an  explanation ;  and  even  the  fact  that 
such  excretions  are  formed,  at  least  to  any  considerable  extent,  is 
not  made  out.  That  they  could  accumulate  and  remain  in  the  soil 
without  undergoing  decomposition  is  apparently  impossible. 


Sect.  III.    Assimilation,  or  Vegetable  Digestion,  and  its 

Results.      ♦ 

342.  AVe  have  reached  the  conclusion,  that  the  universal  food  of 
plants  is  rain-water,  which  has  absorbed  some  carbonic  acid  gas 
and  nitrogen  (partly  in  the  form  of  ammonia  or  of  other  compounds) 
from  the  air,  or  dissolved  them  from  the  remains  of  former  vegeta- 
tion in  the  soil,  whence  it  has  also  taken  up  a  variable  (yet  more  or 
less  essential)  quantity  of  earthy  matter. 

843.  This  fluid,  imbibed  by  the  roots,  and  carried  upwards 
through  the  stem,  receives  the  name  of  sap  or  crude  sap  (79). 
Upon  its  introduction  into  the  plant,  this  is  at  once  mingled  with 
some  elaborated  sap  or  soluble  organized  matter  it  meets  with; 
thus  becoming  sweet  in  the  Maple,  &c.,  and  acquiring  different 
sensible  properties  in  different  species.  This  latter  is  already  elab- 
orated food,  and  may  therefore  be  immediately  employed  in  vegeta- 
ble growth.  But  the  crude  sap  itself  is  merely  raw  material,  unor- 
ganized or  mineral  matter,  as  yet  incapable  of  forming  a  part  of  the 
living  structure.  Its  conversion  into  organized  matter  constitutes 
the  process  of 

344.  Assimilation}  or  what,  from  an  analogy  with  animal  life,  is 
usually  termed  Vegetable  Digestion.  To  undergo  this  important 
change,  the  crude  sap  is  attracted  into  the  leaves,  or  other  green 
parts  of  the  plant,  which  constitute  the  apparatus  of  assimilation, 
where  it  is  exposed  to  the  light  of  the  sun,  under  which  influence 
alone  can  this  change  be  effected.  Under  the  influence  of  solar 
light,  the  fabric  is  itself  constructed,  and  the  chlorophyll^  or  green 


ASSIMILATION. 


191 


matter  of  ploni^  upon  wliich,  or  in  connection  with  wHch,  ilie  liglit 
exerts  it*  woxulerful  action,  is  first  developed.  Wbcn  plants  are 
nuutt:  to  grow  in  insufficient  light,  oa  when  potatoes  throw  out  shoots 
in  ccDars,  this  green  matter  is  not  formed.  When  light  is  with- 
drawn, it  13  soon  decomposed ;  as  we  see  when  Celeiy  is  hianclied 
by  heaping  the  soil  around  its  stems.  So,  also,  the  naturally  grcen- 
leM  learca  of  plitnts  parasitic  upon  the  roots  or  stems  of  other  species 
(152)  liave  no  direct  power  of  assimilation,  but  feed  upon  and  grow 
Bt  the  expense  of  already  assiniiLtted  matter.  But  all  green  parts, 
sDcb  M  the  cellular  outer  bark  of  most  herbs,  act  upon  the  sap  in 
Ibe  same  manner  as  loaves,  even  8^ppl)^^g  their  places  in  plants 
wfaicli  produce  few  or  no  leaves,  as  in  the  Cactus,  &e.  Under  the 
influence  cif  light,  an  essential  preliminary  step  in  vegetable  digestion 
u  accomplished,  namely,  the  concentration  of  the  crude  sap  by  the 
emporation  or  exhalatioiuof  the  now  superfluous  water,  the  mechan- 
ion  and  consequences  of  which  liave  already  been  considered  (313), 

S45.  We  have  now  to  conBider  the  further  agency  of  light  in  regs- 
tnble  digestion  itself,  namely,  its  action  in  the  leaf  upon  the  concen- 
tnt<d  sap.  Here  it  accomplishes  two  unparalleled  results,  which  es- ' 
lentiaQy  characterize  vegetation,  and  upon  which  all  organized  exist* 
€3ico  absolutely  depends  (1,  IG).  These  are,  —  1st.  The  chemical 
Jeconipotition  of  one  or  more  of  ihe  substances  in  the  tap  which 
eomtaiii  tirygen  gat,  and  the  liberation  of  this  oxj/gen  at  the  ordi- 
tuuy  temperature  of  the  air.  The  chemist  can  Ubcrate  oxygen 
gM  ffDin  itjj  compounds  only  by  powerful  reagents,  or  by  great 
beat.  2d.  The  transformation  of  this  mineral,  ittorgamc  food 
imto  organic  matter, — the  organized  substance  of  living  plants, 
tutd  eoTueqtitnllg  of  anlmah.  These  two  operations,  .ilthough 
scjnratcly  slated,  are  in  fact  but  different  aspects  of  one  great 
imcfas.  We  contemplate  the  first,  when  we  consider  what  the 
plant  gives  back  to  the  air ;  the  eccoiii),  when  we  inquire  what 
it  ntaios  as  the  inaterials  of  its  own  growth.  The  concenti-ated  sap 
u  deooaiposed ;  the  portion  not  reipiiiii'd  in  the  growth  of  the  plant 
H  Ktunud  to  the  air  ;  and  the  remaining  elements  tire  at  the  same 
time  rammgcd,  so  as  to  foiin  peculiar  organic  products. 

346.  The  pnncipal  maleriij  given  back  to  the  air,  in  tliis  pro- 
een,  'a  oxygen  ga«,*  that  element  of  our  atmosphere  which  alone 
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of  Rilrogen  gEU  ia  tikcirise  ulmoet  consunllj  cxliolcd 
leMa ;  but  tliis  appeura  to  come  from  the  nitrD^n  wliicb  tbe  WM 


192  THE   FOOD  AND  NUTRITION   OF  PLANTS. 

renders  it  fit  for  the  breathing  and  life  of  animals.  That  the  ibliage 
of  plants  in  sunshine  is  continuallj  yielding  oxygen  gas  to  the  sur- 
rounding air  has  been  familiarly  known  since  the  days  of  Ingenhouss 
and  Priestley,  and  may  at  any  moment  be  verified  by  simple  ezperi* 
ment.  The  readiest  way  is,  to  expose  a  few  fresUy  gathered  leaves 
to  the  sunshine  in  a  glass  vessel  filled  with  water,  and  to  collect  the 
air-bubbles  which  presently  arise  while  the  light  falls  upon  them, 
but  which  cease  to  appear  when  placed  in  shadow.  This  air,  when 
examined,  proves  to  be  free  oxygen  gas.  In  nature,  difidised  day- 
light produces  this  effect ;  but  in  our  experiments,  direct  sunshine  is 
generally  necessary  to  show  it.  "WTiat  is  the  source  of  this  oxygen 
gas,  which  is  given  up  to  the  air  just  in  proportion  to  the  vigor  of 
assimilation  in  the  leafy  plant,  or,  in  other  words,  to  the  consumpticm 
of  crude  sap  ? 

847.  This  will  be  manifest  on  comparing  the  materials  with  the 
general  products  of  vegetation,  —  what  the  plant  takes  as  its  food, 
with  wliat  it  makes  of  it,  in  growth.  Suppose  the  plant  is  assimi- 
lating its  food  immediately  into  its  fabric,  viz.  into  Cellulose^  or  the 
•substance  of  which  its  tissue  consists  (27).  This  matter,  when  in  a 
pure  state,  and  free  from  incrusting  materials,  has  a  perfectly  mai- 
form  composition  in  all  plants.  It  is  composed  of  carbon,  hydrogen, 
and  oxygen,  the  latter  two  existing  in  the  same  proportions  as  in 
water.*  It  may  therefore  be  said  to  consist  of  carbon  and  the  ele- 
ments of  water.  These  materials  are  necessarily  furnished  by  the 
plant's  food.  The  mineral  food  of  the  plant,  from  which  its  fabric 
is  made  (329),  is  carbonic  acid  and  water.  If  this  be  decomposed 
in  vegetation,  and  the  carbonic  acid  give  up  its  oxygen,  carbon  and 
the  elements  of  water  remain,  —  the  very  composition  of  cellulose  or 
vegetable  tissue.  Doubtless,  then,  the  oxygen  which  is  rendered  to 
the  air  in  vegetation  comes  from  the  carbonic  acid  which  the  plant 
took  from  the  air  (328). 

348.  This  view  may  be  confirmed  by  direct  experiment.     We 

imbibed  by  the  roots  had  absorbed  from  the  air  (326),  and  which  passes  oflF  un- 
altered from  tlic  leaves  when  this  water  is  evaporated,  or  from  nitrogen  in  the 
air  which  the  rootlets  directly  absorb.  In  the  course  of  vegetation,  no  more 
nitrogen  is  given  out  than  what  is  thus  taken  in,  and  probably  not  so  mnch. 
So  that  the  exhalation  of  nitrogen  may  bo  left  out  of  the  general  view  of  the 
changes  which  are  brought  about  in  vegetation. 

*  Cellulose  is  chemically  composed  of  12  equivalents  of  Carbon,  10  of  Hy- 
drogen, and  10  of  Oxygen,  viz.  C12,  Hio,  Oio. 
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i  many  plnnts  mn*t,  and  all  mat/,  imbibe  the  whole  or 
a  purl  of  llioir  food  direrily  from  llie  air  inio  their  lenves  (330). 
All  Ir-afy  plunU  evidently  obtain  a  part  of  their  eiirhonie  acid  in  tliJs 
way.  ll  is  accordingly  found,  that  when  a  current  of  carbonic  odd 
is  nadi!  slowly  to  traverse  a  glass  globe  containing  a  leafy  plant  ex- 
poseA  In  the  liiU  Eiuishine,  the  carl>on!c  acid  di.sappears,  and  an  equal 
balk  1^  oxygen  gas  supplies  its  place.  Kow,  since  carbonic  acid  gas 
eontains  just  its  own  bulk  of  oxygen,  it  is  evident  that  what  has  thus 
been  decomposed  in  the  leaves  lias  returned  all  its  oxygen  to  the 
oir.  Plnuts  take  carbonic  acid  from  the  atmosphere,  therefore 
(dircdty  or  indirectly)  ;  tliey  retain  its  carbon  ;  they  give  back  its 
<Mtyg*n." 

3i9.  Bnt  cellnlosc,  being  the  final,  insoluble  product  of  vegetation 
appmpriaicd  as  tissue,  can  liurdly  be  directly  formed  in  the  first  in- 
etnnce.  The  sohstancea  from  which  it  muct  originate,  and  which 
aetnidlr  abound  in  the  elultorated  sap,  are  Dextrine  or  VrgetahUe 
Xiifitays  (79,  83),  Sugar  (80),  &c.  The  first  of  these  ia  probably 
£n«lly  produced  in  assimilation.  Its  chemical  composition  is  the 
tSBM  Ks  that  of  pure  cellulose:  it  consists,  not  only  of  tlie  same 
thrM  elements,  but  of  iho  same  elements  in  exactly  the  same  pro* 
poftion.  Dextrine,  vegetable  mucilnge,  &c.  ore  the  primary,  as  yet 
umppropriated  materials  of  vegetable  tissue,  or  unsolidificd  cellu- 
law,  and  iheir  production  from  the  crude  sap  is  attended  with  the 
emlntinn  «f  the  oxygen  which  was  contained  in  tlie  carbonic  add 
«r  lite  plant's  food,  as  already  slated.  N'or  would  the  result  in  any 
fCspect  be  nliered  if  Starch  were  directly  produced.  This  substance 
it  DCfrly  dextrine,  which,  instead  of  being  immediately  appropriated 
m  pQwth,  is  condensed  into  solid  grains,  and  in  that  compact  and 

•  Al  lt»l.  llie  resnll  is  <u  if  tho  oxygen  exhaled  were  all  thns  dcla(■^e^^  froni 
Ae  mbaa  of  die  carbonic  acid.  Jael  thi!<  amount  is  libcraicd.  and  the  bcu 
Ofcrlqwly  poinl  to  the  carbonic  acid  as  its  real  source.  Bat,  on  the  Mher  hand, 
h  >iBM»rt  nnlikflr  that  k  mbstance  which  boMs  oxvgen  with  mcli  Mron^  Rffiiiiij 
m  BtAaa  ibodd  yield  the  whole  of  it  under  these  dreutnsinnces  -.  and  «-alpr  is 
(CRtialy  ibvomiioscd,  with  the  evolntiDn  of  oxjgcn.  in  the  formation  of  a  etnss 
it  n^rUblo  jirodnctB  iood  to  be  mentioned ;  besides,  Edwnnls  and  Colin  liai-u 
dbiwa  ihu  water  is  directly  decomposed  during  germination.  F^iill,  us  no  one 
wmffoat  that  the  ivcldou  tlla  tho  liberation  of  oxygen  ia  carbon  and  water. 
hB  eoly  ikc  thnv  clemenE*  in  the  proportions  whii^b  would  eonstitnle  them,  it 
I  to  nearly  the  aime  thing  whether  we  any  that  Ihe  orggen  af  ihi  aaiant 
•a  amooBI  of  on/yai  ajiuvtilral  to  that  of  the  rartonie  acid,  dericei  pi 
I  fordffivm  dU  tBolrr,  a  liberated  in  snch  eases. 
17 
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mporarily  insoluble  fonn  accamulaled  as  the  ready  prepared  il 
teriala  of  future  growth  (62).  Notwithstanding  tlio  ditFerence  !d 
llieir  properties  and  chemical  reactions,  these  and  oilier  general 
temaiy  products  (70)  are  strictly  isomeric ;  ihnt  is,  they  consist  of 
the  same  elements,  combined  in  the  same  proportions ;  and  physi- 
ologically they  arc  merely  diSerent  stales  of  one  and  the  same  tiling. 
Dextrine  is  the  most  Polnble  state,  and  is  probably  that  origins 
formed  in  assimilation  in  the  foliage :  etarch,  amyloid  (8 
temporarily  solidified  etates ;  and  eellnh>so  is  the  ultimate  and  n 
ally  permanent  insoluble  condition.  AccoriUngly,  whenever  the  q 
I  terials  of  growth  are  supplied  from  accumulalions  of  nourislu 
3  especially  from  the  seed  in  germination  (133-  125),  from  fl 
roots  (1-45),  rootstocks,  tubers,  &c.  (188-194),  the  starch  c 
equtralcnt  is  dissolved  in  the  sap,  being  spontaneously  reconverted 
into  dextrine  and  sugar,  and  attracted  in  ii  liquid  stale  into  the 
growing  parts,  where,  transformed  into  eellulose,  it  becomes  a  por- 
tion of  the  jiermanent  vegetable  fabric. 

350.  If,  however,  we  suppose  mgar  to  be  a  direct  product  of  the 

I  assimilation  of  carbonic  acid  and  water,  the  amount  of  oxygen  gnd 

[  exhaled  will  be  Just  the  same  as  before.     For  this  has  the  same 

I  elementary  composition  as  dextrine,  starch,  and  cellulose,  with  the 

addition  of  one  or  two  equivalents  of  water  according  to  the  kind.' 

And  when  formed  as  a  transformation  of  dextrine,  then  the  latter 

has  only  to  appropriate  some  water.     In  the  origination  of  all  these 

products,  therefore,  the  same  quantity  of  carbonic  acid  is  consumed, 

and  all  its  oxygen  restored  to  the  air.f     It  is  more  and  more  evident, 


•  Tho  fonnuln  for  cnnc.sagar  is  Cn,  Hn,  On ;  for  gmpc-sagBr,  Cu,  Hxa,  Oii, 
t  fiinco  nil  these  nfotrd  lernarg  snbatanca  am  idenlii'al,  or  ncarlj  h>,  iq  de- 
montury  composition,  and  aincc,  nilh  llic  Earns  nmount  of  carbon,  derired  fiom 
the  decomposilionorcarlionic  acid,  the  plant  can  foroi  thtia  all,  it  will  no  longer 
appear  enrprisins  that  they  ehoald  be  bo  reodilr  conrertilila  into  each  oiher  in 
ibo  living  plant,  and  oven  in  tho  baiida  of  tha  chomisl.  But  tho  clicmUtij  of 
organic  natnro  oscccds  tho  rtflonrees  of  science,  and  constanily  produces  tomv 
Ibrmalions  which  the  etiemist  !□  his  labomUiry  is  unablo  to  effect.  The  latter 
eon  chango  etarch  into  dexttinc,  and  dextrine  into  sngar ;  but  he  cannot  rerem 
ihe  process,  and  conrcrl  engor  into  dcxCrinc,  or  dextrine  into  starch.  In  tho 
planti  howcTcr,  all  these  rariotiB  IranEfonoalions  are  continaallj  taking  place. 
Thai,  the  starch  deposited  in  iho  seed  of  ihe  Sugar.oanc,  Indian  Com,  &c.  b 
duDgcd  into  sugar  in  germination ;  and  the  sugar  which  fdls  the  tissue  of  flu 
stem  at  llie  time  of  flowering  is  rapidly  carried  into  llio  flowen,  where  a  portion 
ia  tnaabnacd  into  starch  and  again  deposited  in  the  nowly-formed  seeds.    And 
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tSeWfcpo,  IliiU,  ij  jufil  60  much  a^  planW  grow,  Oiey  fnie  carbonic 
acid  from  the  air,  they  retain  its  carbon,  and  return  its  oxygen. 

351.  In  the  production  of  tliat  modificntion  of  collulose  called 
lAyjtitte  (-IS),  which  nboundg  in  wood  (if  this  be  really  a  simple 
prodoct,  and  not  a  mixture),  not  only  nust  a  larger  amount  of  car* 
bcftuc  ncid  be  decomposed,  but  a  small  portion  of  water  also,  ^vith 
ibe  liberation  of  iU  oxygen.  For  the  comjKtsitton  attributed  to  it 
Aovs  dutt  it  contains  lees  oxygen  lluui  woidd  Bufiice  to  convert  its 
hydrvgen  into  water.* 

852.  The  whole  clasa  of  fatty  Bubstanccs,  including  the  Oils,  Wax, 
Cl&«y/<yfl  (64,  88,  92),  &c.,  contjun,  some  of  them  no  oxygen  at 
an  (each  as  caoutchouc  and  Pinenail),  and  all  of  them  less  oxygen 
titan  is  requisite  to  convert  their  hydrogen  into  water.  lo  their 
direct  formation,  if  thla  bo  EQpposed,  not  only  all  the  oxygen  of  the 
eartnnic  add  has  been  given  out,  but  nko  a  portion  belonging  to  the 
water.  If  formed  by  a  further  dcoxldation  of  neutral  temnry  pro- 
duct^ llie  same  result  ia  attained  as  respects  the  liberation  of  oxy- 
gnt  gM,  but  by  two  or  more  steps  instead  of  one.  The  Resim, 
donbtleu,  are  not  direct  vegetable  products,  but  originate  from  the 
alternation  and  partial  oxidation  of  the  essential  oils.  Bnhami, 
wUch  exude  from  the  bark  of  certain  plants,  are  natural  solutions  of 
nt'aa  in  their  essential  oils,  ad  i-osin,  or  Pine-resin,  in  the  oil  of  tur- 
pentine. 

S53.  An  opposite  class,  the  Vegetable  Adds  (86),  contain  more 
oxygen  than  is  necessary  for  the  conversion  of  their  hydrogen  into 
«aier,  but  less  than  the  amount  which  exists  in  carbonic  acid  and 
waier.  Indeed,  the  most  general  vegetable  acid,  the  oxattc  (which 
my  be  formeil  artificially  by  the  action  of  nitric  add  on  starch), 
liKi  oo  hydrogen,  except  in  the  ntom  of  water  that  is  connected  with 
iL    Acid«  are  eometimes  formed  in  the  leaves,  as  in  the  SoitcI,  the 


rilfcwi||,Ii  be  diemiit  is  unable  to  transform  Btarrh,  flogar,  &c.  into  cellalosc,  yet 
hi  iMdil/  eflcct*  ihe  oppoiile  chango,  bj  reeonverting  woody  fibre,  &e.  (uniliT 
Aa  lafaenee  of  mlpburic  iicid)  into  dcxtriaQ  and  iDgor.  Tho  plant  docs  llio 
MM  dung  ia  Iha  ripening  oT  fmils,  dariag  wbicb  a  ponioa  of  tissno  is  ot^ca 
k^irfbtaked  into  ingnr.  Storcb-gnuns  and  cellulose  can  nci'cr  bv  (brmcd  arti- 
tM&f,  becsoM  the;  are  cot  merely  organiinlile  matter,  but  bnvo  tm  orgiinLC 

*  Aoeocdiiif;  to  Psyea,  ligninc,  wparaitil  as  mni^h  as  posaililo  from  fcUulosc, 
tHrfM*  cf  CBbon  33.8,  Bydregen  6.0,  and  Uiiygeu  40.3  pec  txut,  =  Ca,  Hiii_ 
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Grape-vine,  &c.,  but  usually  in  the  fruit.  If  produced  directly  from 
the  sap,  as  they  may  be  in  acid  leaves,  only  a  part  of  the  oxygen  in 
the  carbonic  acid  which  contributes  to  their  formation  would  be  ex- 
haled. But  if  formed  from  sugar,  or  any  other  of  the  general  pro- 
ducts of  the  proper  juice,  the  absorption  of  a  portion  of  oxygen  from 
the  air  would  be  required  for  the  conversion ;  and  this  absoiption 
takes  place  (at  least  in  some  cases)  when  fruits  acquire  their  acidity. 
Even  their  formation  by  the  plant,  therefore,  is  attended  by  the  lib- 
eration of  oxygen  gas,  though  in  less  quantity  than  in  ordinaiy  vege- 
tation. 

854.  There  is  still  another  class  of  vegetable  products  of  uni- 
versal occurrence,  and,  although  comparatively  small  in  quantity  in 
plants,  yet  of  as  high  importance  as  ^^se  which  constitute  their 
permanent  fabric;  namely,  the  neutral  quaternary  organic  com- 
pounds, of  which  nitrogen  is  a  constituent  (79).  These,  also,  are 
mutually  convertible  bodies,  related  to  each  other  as  dextrine  and 
sugar  are  to  starch  and  cellulose,  and  playing  the  same  part  in  the 
animal  economy  that  the  neutral  ternary  products  do  in  the  vege- 
table, i.  e.  forming  the  fabric  of  animals.  The  basis  or  type  of 
these  azotized  products  has  received  the  name  of  Proteine  (27) : 
hence  they  are  sometimes  collectively  called  proteine  compounds. 
In  their  production  from  the  plant's  food,  the  ammonia,  or  other 
azotized  matter  it  contains,  plays  an  essential  part ;  and  oxygen  gas 
is  restored  to  the  air  from  the  decomposition  of  all  the  carbonic  acid 
concerned  and  of  a  part  of  the  water.* 

355.  In  living  cells  the  proteine  forms  the  protoplasm,  or  vitally 
active  lining,  which  may  be  said  to  give  origin  to  the  vegetable 
structure,  since  the  cellulose  is  deposited  under  its  influence  to 
form  the  permanent  walls  or  fabric  of  the  cells,  as  has  already  been 
explained  (26-36).     When  the  cells  have  completed  their  growth 

*  The  chemical  changes  have  been  tabulated  thus  :  — 

From  which  are  formed  the  product : 

C.  H.    N.    0. 

1  of  Proteine,      48  36      6     14 

4  of  Celhilose,      48  40  40 

212  of  Oxygen  lib- 
crated,  SIS 

96     76      6  266  96     76      6   266 

Besides,  proteine  either  contains  or  is  naturally  combined  with  a  small  qnaa- 
tity  oi  sulphur  said  phosphorus  (10). 


The  materials : 

C. 

H. 

N. 

0. 

74  of  Water, 

74 

74 

94  of  Carbonic  acid. 

94 

188 

2  of  Carbonato  of 

ammonia, 

2 

2 

6 

4 
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[ifltion,  tlio  protoplasm  abandons  lliem,  ibe  portion  which 
ia  not  de'Mtnposed  being  oonslnntly  attracted  onwards  into  fornung 
and  growing  puns,  where  it  incilea  new  development.  For  tliia 
Ksotizcd  matter  has  the  remarkable  peculiarity  of  inducing  cbemicnl 
duugea  in  other  organic  products,  especially  the  neutral  ternary 
bodio,  causing  one  kind  to  be  transformed  into  onottier,  or  even  the 
deoonipodilion  of  a  part  into  alcohol,  acetic  acid,  and  finally  into 
en^Mmic  acid  and  water  (as  in  germination,  &c.), — itself  remuning 
Uw  wliile  essentially  unaltered. 

3S6.  The  constant  attraction  of  the  protoplasm  from  the  com* 
pleted  into  the  forming  parts  of  the  plants  esplaiss  how  it  is,  that 
ao  tmall  a  percentage  of  auolized  matter  should  be  capable  of 
pluying  such  an  all-im]K>rtant  i^art  in  the  vegetable  economy.  It 
doea  its  work  with  little  loss  of  malcriiU,  and  no  portion  of  it  ia  fixed 
in  llie  tissues.  At  least,  the  little  that  remains  in  old  parts  is  capa* 
Ue  of  being  washed  out,  showing  that  it  forms  no  integral  part  of 
the  itifatic.  This  explains  why  the  heartwood  of  trees  yields  barely 
a  U»oe  of  nitrogen,  while  the  Bap-wood  yields  an  appreciable  amount, 
ami  Uie  ciunbium-layer  and  all  i>arts  of  recent  formation,  such  as  the 
biuK  young  shoots,  and  rootlets,  always  contain  a  notable  proportion 
of  it.  Thb  gives  tlie  reason,  also,  why  sap-wood  is  eo  liable  to  decay 
(iadtieed  by  the  proteins),  the  more  so  in  proportion  to  its  newness 
Bad  the  quantity  of  sap  it  contains,  while  the  completed  heart-wood 
ii  so  durable.  The  azolizcd  matter  rapidly  diminishes  in  the  stem 
bmI  berbage  during  flowering,  while  it  accumulates  in  the  forming 
fruit,  and  is  finally  condensed  in  the  seeds  (whicli  have  a  hu-ger  pcr- 
fleDtage  than  any  other  organ),  ready  to  subserve  the  same  office  in 
ibe  deTclopmcnt  of  the  embryo  plant  it  contains.' 

857.  When  wlieat-flour,  kneaded  into  dough,  is  subjected  to  the 
fnloDged  action  of  water,  tlie  starch  is  washed  away,  and  n  tena- 
iSoas,  elastic  residue,  tlie  Glalen  of  the  fiour,  which  gives  it  the 
c^wbiBty  of  being  rni^ivd,  renuunsi  This  contains  nearly  all  the 
prMeane  compounds  of  the  seed,  mixed  with  some  fatty  mntten 
(wUdi  may  be  removed  by  alcohol  and  ether]  and  with  a  little 
ObUoIom.  Tlie  azotized  products  constitute  from  eight  to  ibiriy 
yer  oeot  of  the  weight  of  wheat-flour :  the  proportion  varies  greatly 


•  TW  crJlylFdoni  of  p*nii  and  bean?,  n^ording  lo  Mr.  Itipg,  contain  from 

IM  K>  140  puu,  and  tba  plomnle  about  300  puti,  of  nitrogen,  to  1,000  part*  ti 
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under  (Uffert'nt  circiimatances,  but  it  is  olivajs  Lirgest  when  the  m 
ia  well  suppUed  witb  manures  tliat  abound  in  nitrogen.  Tlie  gluten 
of  wheat  ia  a  mixture  of  four  isomeric  quaternsry  product^  distin- 
guished by  chemists  under  the  names  FUmne  (identical  in  nature 
with  that  wliieh  forms  the  muscles  of  nniraals),^/iif fn^n  (uf  tlie^ine 
nature  as  animal  albumen),  Oatelne  (identical  with  the  curd  of  milk), 
and  Gluiine.  In  beans  and  all  kinds  of  pulse,  or  fteeda  of  Legu- 
minous plantii,  the  nzotized  matter  principally  occurs  in  the  form 
of  Lvgamine,  which  is  nearly  inWmnediate  in  character  between  albu- 
men and  caseine. 

358.  Comparing  now  these  principal  products  of  B&>imiIation  in 
plants  with  tlie  inorganic  materials  from  which  they  must  needs  he 
formed,  it  may  dearly  be  perceived  that  the  principal  result  of  vege- 
tation, as  concerns  the  atmosphere,  from  which  plants  draw  ihdr 
food,  consists  in  the  withdrawal  of  water,  of  a  little  ammonia,  and  of 
a  large  proportion  of  carbonic  acid,  and  of  tlie  restoration  of  oxygen. 
The  latter  is  a  constant  effect  of  vegetation  and  the  measure  of  itt 
amount.  As  respects  the  fabric  of  llie  plant,  the  sole  consequences 
of  its  formation  npon  the  air  are  the  withdrawal  of  a  small  quantity 
of  water,  and  of  a  large  amount  of  carbonic  acid  gas,  and  the  resto- 
ration of  the  oxygen  of  the  latter.  In  the  formation  of  its  azotised 
materials,  a  portion  of  ammonia  or  of  some  equivalent  compound  of 
nitrogen  is  also  withdrawn.  It  ia  true,  indeed,  tliat  leaves  decom- 
pose carbonic  acid  only  in  daylight ;  and  tlmt  tliey  sometimes  give  a 
quantity  of  carbonic  acid  to  the  air  in  the  niglit,  especially  when 
vegelation  languishes,  or  even  take  from  it  a  little  oxygen.  But 
this  does  not  affect  the  general  result,  nor  require  any  qualification 
of  the  general  statement  The  work  simply  ceases  when  light  is 
withdrnivn.  Tlie  plant  is  then  merely  in  a  passive  state.  Yet, 
whenever  ■exbalatioa  from  the  leaves  slowly  continues  in  darkness, 
the  carbonic  acid  which  tho  water  holds  necessarily  flies  off  with  it, 
during  the  interruption  to  vegetaiion,  into  the  atmosphere  from 
which  the  plant  took  it.  So  much  of  the  crude  i=ap,  or  mw  mate- 
rial, merely  nms  to  waste.  Furlhenrifire,  it  must  be  remembered 
that  the  decomposition  of  carbonic  acid  in  vegetation  is  in  direct  op- 
position to  ordinary  chemical  nffmity ;  or,  in  other  wonli,  tliat  all 
organised  matter  is  in  a  state  corresponding  to  tlmt  of  uni^lable 
equilibrium.  Consequently,  when  light  is  willidrawn,  ordinary 
chemical  forces  may  perhaps  to  some  extent  resume  their  sway,  the 
oxygen  of  the  air  combine  with  Eomc  of  the  newly  deposited  cotboa 
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199 


(o  reprodtico  a  little  carbonic  acid,  and  thus  domoUsli  a  portimi  of 
the  rising  vcgeUible  Btructure  which  tlie  setting  sun  left,  as  it  were, 
in  an  nnfinished  or  unstable  state.  Tliis  is  what  actually  takes  place 
in  s  dead  plant  at  all  times,  and  whenever  an  herb  is  kept  in  pro- 
longed darkness ;  chemitral  forces,  eserting  their  power  uncontrolled, 
demolish  the  whole  vegetable  fabric,  beginning  with  the  chlorophyll 
(as  we  observe  in  blanching  Celery),  and  at  length  resolve  it  into 
the  avbanic  acid  and  water  from  which  it  was  formed.  But  this 
nnat  all  be  placed  to  the  account  of  decomposing,  not  of  ^rorcing 
Tvgclalion ;  and  even  if  it  were  a  universal  phenomenon,  which  is 
hy  DO  means  ihc  case,*  would  not  affect  the  general  statement,  that, 
iy  «o  ntHfk  at  plant*  gfcno,  tkej  decompose  carbonic  add  and  give 
its  oxygen  to  the  air  j  or,  in  other  words,  purify  the  air. 

8fl9.  Every  six  pounds  of  carbon  in  existing  plants  have  withdrawn 
tventy-two  pounds  of  carbonic  acid  gas  from  the  atmosphere,  and 
ivpbced  it  with  sixteen  pounds  of  oxygen  gas,  occupying  the  same 
bdik.  Tti  form  some  general  conception  of  the  extent  of  the  infln- 
ence  of  vegetation  upon  the  air  we  breatlie,  therefore,  wo  should 
the  quantity  of  carbon,  or  charcoal,  that  is  contained  in  tlie 


n*ted  that  many  ortliaarj  ploQts,  when  in  fall  health  and  vigoroot 
I,  imparl  no  oarhonlc  acid  to  llie  air  during  iht  taght.  —  Sea  PepTB,  in 
'nnoDctioBS,  for  1843.  —  Plnnts  delcliorato  the  air  onlj  in  their 
lul  in  p«ailiiir  processes,  dislinet  from  vegetation  and  dircrtlj  the  le- 
usitniUtion ;  as  in  gtrmination,  for  instimce,  wbcro  tbo  protcine  ia- 
E  dorompoBilioD  of  a  portion  of  the  atore  of  assioiitated  nuucr,  in  order 
rait  taij  lio  liTDugiit  inio  a  Bcrriccnblo  condition.  The  avolation  of 
arid  by  plants,  ihcrclbrc,  when  it  occurs,  is  no  port  of  rcgclntion.  And 
\  bUe  analogy  thai  iliia  imt  which  plonia  gnaiain  in  the  night  has  been 
with  the  niuD«  of  rTgdoUi!  nspinUioti,  and  vegetables  said  to  viliats  tlie 
jqst  like  nnimnlB,  by  their  rcspimtion,  while  Ihcv  pnrify  it  by  their 
.  If.  indeed,  this  wen  a  conslont  funition,  in  anj  waj  eontiibnting  to 
the  life  and  lieatlti  of  tlio  plant,  it  might  bo  properly  enough  compond 
Ripinuion  of  aniniols,  which  is  itielf  a  decomposing  operation.  But 
( the  ca«o.  And  herein  it  a  chaxnctmstic  diSct^nce  between  vcgetublci 
i>U:  the  tifsaei  of  the  latter  rcqniro  ronslunt  intcniitiiil  renewal  hy 
new  panielea  Trphdng  the  old,  which  are  removed  and  retitoreit  to  the 
worU  by  roTiinir/aii .-  while  in  plants  Ihore  is  no  such  renewal,  but  the 
iDcn  completed,  remaini  nnchnogcd,  ceases  to  be  noorishcd,  and  conse- 
Mon  lo«es  its  titolity;  while  new  parts  are  continually  formed  fnrther 
ko  their  places,  to  be  in  lom  abnodoned.  PlanU,  tlicreforp,  having  do 
ID  and  nvompocition  of  nny  completed  fiibric,  cannot  properiy  be 
the  fonction  of  rcs]aRLtion. 
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forests  and  herbage  of  the  world,  and  add  to  the  estimate  all  that 
exists  in  the  soil,  as  vegetable  mould,  peat,  and  in  other  forms ;  all 
that  is  locked  up  in  the  vast  deposits  of  coal  (the  product  of  the 
vegetation  of  bygone  ages) ;  and,  finally,  all  that  pertains  to  the 
whole  existent  animal  kingdom ;  —  and  we  shall  have  the  aggregate 
amount  of  a  single,  though  the  largest,  element  which  vegetation  has 
withdrawn  from  the  atmosphere.  By  multiplying  this  vast  amount 
of  carbon  by  sixteen,  and  dividing  it  by  six,  we  obtain  an  expressicm 
of  the  number  of  pounds  of  oxygen  gas  that  have  in  this  process 
been  supplied  to  the  abnosphere. 

360.  Rightly  to  understand  the  object  and  consequences  of  this 
immense  operation,  which  has  been  going  on  ever  since  vegetation 
began,  it  should  be  noted,  that,  so  far  as  we  know,  vegetation  is 
the  only  operation  in  nature  which  gives  to  the  air  free  oxygen  gas, 
that  indispensable  requisite  to  animal  life.  There  is  no  other  pro- 
vision for  maintaining  the  supply.  The  prevailing  chemical  ten- 
dencies, on  the  contrary,  take  oxygen  from  the  air.  Few  of  the 
materials  of  the  earth^s  crust  are  saturated  with  it ;  some  of  them 
still  absorb  a  portion  from  the  air  in  the  changes  they  undergo ; 
and  none  of  them  give  it  back  in  the  free  state  in  which  they  took 
it,  —  in  a  state  to  support  animal  life,  —  by  any  known  natural 
process,  at  least  upon  any  considerable  scale.  Animals  all  con- 
sume oxygen  at  every  moment  of  their  life,  giving  to  the  air  carbonic 
add  in  its  room ;  and  when  dead,  their  bodies  consume  a  further  por- 
tion in  decomposition.  Decomposing  vegetable  matter  produces  the 
same  result.  Its  carbon,  taking  oxygen  from  the  air,  is  likewise 
restored  in  the  form  of  carbonic  acid.  Combustion,  as  in  burning 
our  fuel,  amounts  to  precisely  the  same  thing ;  it  is  merely  rapid 
decay.  The  carbon  which  the  trees  of  the  forest  have  been  for 
centuries  gathering  from  the  air,  their  prostrate  decaying  trunks 
may  almost  as  slowly  restore  to  the  air,  in  the  original  form  of 
carbonic  acid.  But  if  set  on  fire,  the  same  result  may  be  accom- 
plished in  a  day.  All  these  causes  conspire  to  rob  the  air  of  its 
Hfe-su staining  oxygen.  The  original  supply  is  indeed  so  vast,  that, 
were  there  no  natural  compensation,  centuries  upon  centuries  would 
elapse  before  the  amount  of  oxygen  could  be  so  much  reduced,  or 
that  of  carbonic  acid  increased,  as  to  affect  the  existence  of  the 
present  races  of  animals.  But  such  a  period  would  eventually 
arrive,  were  there  no  natural  provision  for  the  decomposition  of  the 
carbonic  acid  constantly  poured  into  the  air  from  these  various 
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S  and  for  the  restoration  of  its  oxygen.  The  needful  com* 
pensatiDR  is  found  in  llii!  reg^tabto  kingdom.  Wliile  nninmla  am- 
soiDc  tlie  oxygen  of  tlie  air,  and  give  back  cni'bonic  acid  wltich  is 
iiyuriaiu  lu  tlieir  life,  tliis  carbonic  aeid  is  tbe  principal  element  of 
Ibe  food  of  yegetablea,  U  consumed  and  decomposed  by  them,  and 
iu  oxygen  restored  for  tbe  use  of  animals.  Hence  ibe  perfect  sda[V- 
tatJon  of  the  two  great  kingdoms  of  living  beings  to  etidi  other; — 
each  removing  from  Ibe  atmoepliere  what  would  be  noxious  to  tb6 
other; — each  yielding  to  the  atmosphere  what  is  easeutial  to  the 
continued  existence  of  the  other,* 

361.  The  rehitions  of  simple  vegetation,  under  this  aspect,  (o  the 
nu&enJ  kingdom  on  tbe  one  band,  and  the  uniioal  kingdom  on  Uie 
otber,  are  simply  set  forth  in  the  first  part  of  the  diagram  placed  at 
tbe  dose  of  this  chapter. 

8(12.  But,  besides  tbia  remotely  essential  oSico  in  purifj-ing  the 
■ir,  the  vegetable  kingdom  renders  to  the  animal  another  eer^-ice 
80  immediate,  that  its  failure  for  a  single  year  nould  nearly  depop- 
alate  the  earth}  namely,  in  providing  Ibe  necessary  food  for  the 
whole  animal  kingdom.  It  is  under  this  view  that  llie  great  office 
of  vrgetiuion  in  the  general  economy  of  the  world  is  to  be  rontem- 
plabsL  Plants  are  tlie  sole  producers  of  nourishment.  They  alone 
Uansform  mineral,  chiefly  atmospheric  materials,  tliey  condense  air, 
into  oi^ani/ed  matter.  AVbile  they  thus  produce  upon  a  vast  scale, 
Uicy  rtmtttme  or  destroy  comparatively  little;  and  tbia  never  in 
pn^KX  vegetation,  but  in  eoroe  special  processes  hereaAer  to  be  con- 
•idered  (370)-  Often  when  they  appear  to  consume  their  own  pro- 
ducts, they  only  tnmsfonn  and  tnmsfer  them,  as  when  tlie  elurch 
of  \h»  potato  U  converted  into  new  shoots  and  foliage. 

863.  Animals  cotttuine  what  vegetables  produce.  They  tbcm- 
•elres  produLV  nolliing  directly  from  tJie  mineral  world.  The 
bertavorous  animals  ijJto  from  vegetables  the  orgiinized  matter 
trkich  they  have  produced; — a  part  of  it  they  consume,  and  in 
KSpinuion   reston)   itie  materials   to  the  atmosphere,  from  which 


*  ll  M  plaiQi  liowvTcr.  tluit,  while  tbe  animal  kiagctoia  h  cntirelj  di 
«a  tliu  vcgrlkbic,  tba  Utter  \i  indcpendL-nt  of  tlie  fonopr,  mid  might  bars 
csinni  slonc  Tbe  detsjing  races  of  plnntB,  giving  back  thinr  carbon  to  the 
ijr  and  to  l)ic  eoU  by  ilcraj,  woald  famish  food  for  their  Bncccsson.  And  since 
aQ  dw  csrinnic  acid  which  animals  render  to  the  air  in  respirntjoa  the/  hav« 
teii*il  from  their  legeiable  food,  thia  would  in  lime  have  foiuid  it<  way  t>Bck  to 
As  air,  fur  Ibe  ose  of  new  gcncnLtions  of  plants,  without  die  iutei 
■aiaul*.    At  tnou,  they  merely  expedite  '•<»  tctum. 
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Brants  derived  them,  in  the  very  form  in  wliic.h  tlicy  were  t 
Inamely,  as  nu-bonic  acid  and  wnler.    Tho  portion  ihey  a 
Ijn  tlieir  tissues  constitutes  liie  food  of  carnivorous  animals;  » 
I  consume  and  return  to  tte  air  llie  greater  part  during  life,  and  t 
^remainder  in  deeay  aflcr  death.     The  atmosphere,  therefore,  outi 
I  Vhicli  plants  create  nourishment,  and  to  wbicli  animal)  aa  they  o 
I'SUme  return  it,  forma  the  necessary  link  between  tbe  animal  i 
I  Tegetable  kingdoms,  and  completes  tlio  great  cycle  of  organic  exist- 
I  ence.     Organized  matter  passes  through  various  etnges  in  vege- 
tables, llux>ugh  others  in  the  hcrbivoroua  animak,  and  undergoes  its 
final  transformations  in  the  carnivorous  animals.     Portions  are  con- 
sumed at  every  stage,  and  restored  to  the  mineral  kingdom,  to  which 
f  tiie  whole,  having  accomplished  its  revolution,  finally  returns. 

364.  Moreover,  plants  not  only  furnish  all  the  materials  of  the 

P  animal  fabiic,  but  furnish  each  principal  constituent  ready  formed, 

80  lliat  the  animal  has  only  to  appropriate  it.     Tlie  food  of  animals 

is  of  two  kinds  ;  —  1.  that  witich  sen'es  to  support  respiration  and 

maintain  the  animal  heat;  2.  that  which  is  capable  of  forming  a 

portion  of  the  anunol  fabric,  of  its  flesh  and  bones.     The  ternary 

]  vegetable  products  furnish  the  first,  in  the  form  of  sugar,  vegetable 

I  jelly,  starch,  oil,  &c,  and  even  cellulose ;  substances  whicli,  contain- 

f  ing  no  nitrogen,  cannot  form  an  integral  part  of  the  animal  frame, 

I  but,  convoyed  into  the  blood,  are  deeomposed  in  respiration ;  the 

|~«arbon  and  the  excess  of  Iiydrogon  combining  with  the  oxj'gen  of 

l"tho  air,  to  which  they  are  restored  in  the  form  of  carbonic  acid  and 

1  water.     Any  portion  not  required  by  the  immediate  demands  of  res- 

L  piralion  is  stored  in  the  tissues  in  tlioibrm  of  fut,  (which  the  animal 

1  may  either  accumulate  directly  from  Ihe  oily  and  waxy  matters  in 

I  its  vegetable  food,  or  produce  by  an  alteration  of  the  stmrh  and 

I.Bugar,)  as  a  provision  for  future  use  :  a  deficiency  of  such  materials 

iho  tissues  themselves,  or  the  proper  supporting  foo<l,  to  ira- 

BDediate  decomposition  in  respiration.     The  quaternary  or  tizoiized 

iducts  fiimish   the  proper  materials  of  the   animal  frame,  the 

ibrine,  caseine,  albumen,  &c.  being  directly  appropriated  from  the 

^table  food  to  form  the  blood,  muscles,  &c. ;  while  a  sUght  trans- 

lifimnation  of  them  gives  origin  to  gelatine,  of  wliich  the  sinews,  carli- 

jes,  and  tlio  organic  part  of  the  bones,  consist.     The  earthy  por- 

I  Uon  of  the  bones,  the  iron  in  the  blood,  and  the  saline  ingredients 

I  of  the  animal  body,  are  drawn  from  the  earthy  constituents  (336)  of 

I  the  plants  upon  which  the  animal  feeds.     The  animal  merely  ap- 
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1  and  accumulates  these  already  organbable  mnterials, 
^  tliem,  it  may  be,  little  by  little,  aa  he  destroys  llicm,  but 
I  ihem  nil  back  (those  of  the  firet  class  through  the  lung^, 
IB  Mcond  ihrough  the  kidneys)  finally  to  the  earth  and  air,  from 
which,  and  in  the  conation  in  whicli,  the  vegetable  took  (hem. 
3(m.  The  general  relations  of  vegetation  to  the  mineral  and  oni- 
s  arc  cxiubited  in  the  subjoined  diagram. 
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CHAPTER    VII. 

OP  FLOWERING  AND  ITS  CONSEQUENCES. 

366.  Plants  have  thus  far  been  considered  only  as  respects 
their  Organs  of  Vegetation^  —  those  which  essentially  constitute 
the  vegetable  being,  by  which  it  grows,  deriving  its, support  from 
the  surrounding  air  and  soil,  and  converting  these  inorganic  mate- 
rials into  its  own  organized  substance.  As  every  additional  supply 
of  nourishment  furnishes  materials  for  the  development  of  new 
branches,  roots,  and  leaves,  thus  multiplying  both  those  organs  which 
receive  food  and  those  which  assimilate  it,  it  would  seem  that,  apart 
from  accidents,  the  increase  and  extension  of  plants  would  be  limited 
only  by  the  failure  of  an  adequate  supply  of  nourishment.  After  a 
certain  period,  however,  varying  in  different  species,  but  nearly  con» 
stant  in  each,  a  change  ensues,  which  controls  this  otherwise  indefi* 
nite  extent  of  the  brandies.  A  portion  of  the  buds,  instead  of  elon- 
gating into  branches,  are  developed  in  the  form  of  Flowers  ;  and 
nourishment  which  would  othenvise  contribute  to  the  general  in- 
crease of  the  plant,  is  devoted  to  their  production,  and  to  the  matu- 
ration o^iYiQ  fruit  and  seeds. 

3G7.  Flowering  an  Exhaustive  Process,    Plants  begin  to  bear  flowers 

at  a  neai-ly  determinate  period  for  each  species ;  which  is  dependent 
partly  upon  constitutional  causes,  and  partly  upon  the  requisite  sup- 
ply of  nutritive  matter  in  their  system.  For,  since  the  flower  and 
fruit  draw  largely  upon  the  powers  and  nourislunent  of  the  plant, 
while  they  yield  nothing  in  return,  fructification  is  an  exhaustive 
process,  and  a  due  accumulation  of  food  is  requisite  to  sustain  iL* 

*  "When  the  branch  of  a  f^li^t^ee,  which  is  sterile  or  does  not  perfect  its  blos- 
soms, is  riiiged  or  girdled  (by  the  removal  of  a  narrow  ling  of  bark),  the  elab- 
orated juices,  being  arrested  in  their  downward  course,  are  accumulated  in  the 
branch,  which  is  thus  enabled  to  produce  fruit  abundantly ;  while  the  shoots  that 
appear  below  the  ring,  being  fed  by  the  much  weaker  ascending  sap,  do  not 
blossom,  but  push  forth  into  leafy  branches.  So  the  flowers  of  most  trees  and 
shrubs  that  bear  large  or  fleshy  fruit  are  produced  from  lateral  buds,  resting 
directly  upon  the  wood  of  the  previous  year,  in  which  a  quantity  of  nutritive 
matter  is  deposited.  So,  also,  a  seedling  shoot,  which  would  not  flower  for 
several  years  if  left  to  itself,  blossoms  the  next  season  when  Inserted  as  a  graft 
into  an  older  trunk,  from  whose  accumulated  stock  it  draws. 
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ATt*™'"  flower  in  a  few  weeks  or  raonllis  afler  Ihey  spring  from  the 
seed,  when  they  linve  lilile  nourishment  stored  up  in  their  lissae  j 
rod  iheir  lives  are  destroyed  by  the  process  (144):  hieniiials  (lower 
ftfter  a.  longer  period,  rapidly  exliausting  the  nourishment  acciimu- 
Inied  In  the  root  during  the  previous  season,  and  then  perishing 
(145);  while  shrubs  and  trees  do  not  coinmencc  flowering  until 
Ihey  are  sufficiently  established  to  endure  it.  The  exliaustion  con- 
icquent  upon  flowering,  however,  is  often  exhil)ited  in  ii-uit4reea, 
which,  afler  producing  an  excessive  a'op  (especially  of  late  fruits, 
soch  aa  apples),  Mmetimcs  fail  to  bear  the  succeeding  year.  Wlien 
(be  crop  of  one  year  faJLs,  the  nourishment  which  it  would  have  ap- 
propriated accumulates,  and  the  tree  may  bear  more  abundantly  the 
foBowing  treason,  and  so  on  alternately  from  year  to  year. 

868.  The  ocluul  consumption  of  nourishment  in  flowering  may 
be  fihown  in  a  variety  of  ways ;  ns  by  the  rapid  disappearance  of 
the  farinaceous  or  saccharine  store  in  the  roots  of  tlie  Carrot,  Beet, 
Ac.  when  they  begin  to  flower,  leaving  them  light,  dry,  and  empty; 
and  by  the  rapid  dimmution  of  the  sugar  in  the  stalks  of  the  Sugar- 
cmo  and  of  Maize  at  the  same  period.  The  stalks  are  therefwe 
cut  for  making  sugar  just  before  the  flowers  expand,  when  they 
CODtinn  the  greatest  amount  of  saccharine  matter. 

8C9.  The  consequences  of  tliis  exhaustion  upon  tlie  duration  of 
plnnU  are  further  illustrated  by  the  foeilily  with  which  annuals  may 
be  changed  into  bienniab,  or  their  life  prolonged  indefinitely  by 
preventing  their  flowering ;  white  they  ])erish  whenever  they  bear 
Savers  and  aecd,  whether  during  the  firfl  or  any  succeeding  year. 
Thus,  «  eommon  annual  Larkspur  has  given  rise  to  a  doable-flowered 
nrie4y  in  the  gardens,  which  bears  no  seed,  and  has  tlierefore  be- 
come a  perennial.  Cabbage-stumps,  which  are  planted  for  seed,  may 
be  made  lo  bear  heads  the  second  )-ear  by  destroying  the  flowor- 
■boob  as  tliey  arise  ;  and  the  proeess  may  be  continued  from  year  to 
jear,  thus  converting  a  biennial  into  a  kind  of  perennial  plant.  The 
flfiid  of  flowering  upon  the  longevity  of  the  individual  is  strikingly 
■hown  by  the  Agave,  or  Century-plant, — so  called  because  it  fiow- 
tx»  in  our  conservatories  only  aller  the  lapse  of  a  hundred,  or  at 
loM  a  grest  niiml»er  of  years ;  although,  in  its  native  sultry  climate, 
k  genemlly  flowers  when  Ave  or  six  years  old.  Sut  whenever  this 
oeenni,  the  swert  juice  with  which  it  is  filled  at  the  time  (which  by 
fameniation  forms  pulque,  the  inebriatmg  drink  of  Ihe  Mexicans)  is 

rnt  a  rale  answering  to  the  astonishing  rapidity  with  which 
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its  huge  flower-atalk  ehoou  forlh  (24),  and  llie  whole  plant  inevita^ 
bly  perishes  when  the  seeda  have  i-qjeneJ.  So,  also,  U»a  Corj-pha, 
or  Talipot-tree,  a.  mngniJieent  Oriental  Palm,  which  lives  to  r  great 
ngo  and  nUaina  an  imposing  altitude  (bearing  a  crown  of  leares, 
each  blade  of  wliich  la  often  thirty  feet  in  circumference),  flowers 
ttiily  once  ;  but  it  then  bears  an  enonnoug  number  of  blossoms,  euc- 
ceeded  by  a  crop  of  nutd  sufficient  to  supply  a  large  district  with 
•eed ;  and  the  tree  perii^hes  from  the  exhaustion. 

370.  Flowering  and  fruiting,  then,  draw  largely  upon  the  plant's 
resources,  while  they  give  back  nolhing  in  i-eturo.  In  these  opera- 
lions,  OB  also  in  germination,  vegctahlea  act  as  true  consumers  (like 
animals,  363),  decomposing  thdr  own  products,  and  giving  back 
carbonic  add  and  water  lu  the  air,  instead  of  taking  these  materials 
from  the  air.  It  is  in  flowering  that  they  actually  consume  most. 
In  fruiting,  although  a  large  quantity  of  nourishment  is  btken  from 
the  plants,  this  is  mostly  accumulated  in  the  fruit  and  seed,  in  a  coo- 
centrated  form,  for  the  future  use  of  the  new  individual  in  the  seed, 

371.  Tlio  real  consumption  of  nourishment  by  the  flower  is  shown 
by  the  action  of  flowers  upon  the  air,  so  different  from  that  of  leaves. 
While  the  foliage  withdraivs  carbonie  add  from  the  air,  and  re> 
stores  oxygon  (346,  358),  flowers  .take  a  small  portion  of  oxygen 
from  the  air,  and  give  back  carbonic  acid.  While  leaves,  therefore, 
purily  the  air  we  breathe,  flowers  contaminate  it;  though,  of  course, 
only  to  a  degree  which  is  relatively  and  absolutely  insignificant. 
This  jirocess  is  necessarily  attended  by  the 

372.  Evolution  of  Ileal.  When  carbon  is  consumed  ns  fuel,  ajid 
by  the  oxygen  of  the  air  converted  into  carbonic  acid,  an  amount 
of  heat  is  evolved  directly  proportionate  to  the  quantity  of  carbon 
consumed,  or  of  carbonic  acid  produced.  Precisely  the  same 
Bmoimt  is  more  slowly  genenited  during  the  gradual  docompogition 
of  tJie  same  quantity  of  vegetable  matter  by  decay, — a  heat  which 
is  employed  by  the  gardener  when  he  midies  hot-beds  of  tan,  decay- 
ing leaves,  and  numure,  —  or  by  the  breathing  of  animal",  which 
maintains  tlidr  elevated  temperature  (3C4).  The  conversion  of  a 
given  amount  of  carbon  and  hydrogen  into  carbonic  acid  and  water, 
under  wliatevcr  circumstances  it  may  take  place,  and  whether  slowly 
or  rapidly,  generates  in  all  cases  the  very  same  amount  of  heat. 
Now,  since  flowers  consume  cartjon  and  produce  carbomc  add,  acting 
in  this  respect  like  animals,  they  ought  to  evolve  heat  in  proportion 

lOt  consumption.    This,  in  fact,  they  do.    The  cvolutioa  of  h< 
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in  Iiloasonung  was  first  observeil  by  Lamarck,  about  Beveniy  years 
■go,  ia  llie  Kuropcim  Arum,  wliich,  juAt  oi  the  flowers  open,  "  grows 
hot,  as  if  it  were  about  to  bum,"  It  was  aAerwards  shown  by  Saus- 
suro  in  n  number  of  flowors,  such  aa  thoao  of  the  Bignonia,  Gourd, 
and  Tuberose,  and  the  heal  was  shown  to  be  in  direct  proportion  to 
tlie  consumption  of  tlie  oxygen  of  the  air,  or,  in  other  words,  of  the 
carbon  of  the  plant.  The  increase  of  temperature,  in  tbe^o  cases, 
waa  measured  by  common  instruments.  But  now  that  thermo-elec- 
tric apparatus  affortLt  the  means  of  measuring  variations  inappre- 
dablo  by  the  most  delicate  thermometer,  the  heat  genernled  by  an 
ordijutry  cluster  of  blossoms  may  be  detected.  The  phenomenon  is 
meet  striking  in  the  case  of  some  large  tropical  plants  of  the  Aium 
bmlly,  where  an  immense  number  of  blossoms  are  crowded  logetlier 
and  mufileil  by  a  hooded  leaf,  or  spathe  (390),  which  confines  and  I'ever- 
bfTUcs  the  heat.  Li  some  of  these,  the  temperature  rises  at  times 
fo  twenty  or  even  fifty  degrees  (Fahrenheit)  above  that  of  the  sui^ 
itNmding  nir.  This  increase  of  temperature  occurs  daily,  from  the 
time  the  flowers  open  tmtil  tbcy  fade,  but  is  most  striking  during  the 
sbedding  of  the  pollen.  At  night,  the  temperature  falls  nearly  to 
that  of  the  surrounding  air ;  but  in  the  course  of  the  morning  tlie 
heat  comes  on,  as  it  were  like  a  parori/sm  of  fever,  attaining  the 
maxim' ""i  day  afler  day,  very  nearly  at  the  same  hour  of  the  after- 
noon, and  gradually  declining  towards  evening.  In  ordinary  cases, 
Ok  heat  of  flowering  is  more  than  counlerbalimced  by  the  ^  aporisO' 
lion  of  the  sap  and  the  absorption  of  solar  heat  by  the  foliage ;  so 
that  the  actual  temperature  of  a  leafy  plant  in  summer  is  lower  than 
that  of  the  atmosphere. 

373.  Wc  have  remarked  that  the  principal  eonttimption  takes 
^•ce  in  tlie  flower ;  and  that  a  store  is  laid  up  in  the  Iruit  and  seed. 
But  mnch  even  of  this  store  is  consumed  when  tlie  seed  germinates ; 
tmA  in  gn-mination,  as  is  seen  in  the  mailing  of  barley,  a  large 
BflxMint  of  organic  matter  is  decomposed  into  carbonic  acid  and 
vater,  and  a  proportionate  <]uantity  of  heat  is  evotvedi  By  a  not 
Xtry  riolenl  metaphor  it  may  be  said,  therefore,  that  the  fabled  Phoc- 
l&s.  a  realized  in  the  Centnry-plant  (360),  which,  after  living  a  hun- 
Aed  years,  consumes  itself  in  producing  and  giving  life  to  its  off- 
ifring,  who  literaUy  rise  from  its  ashes. 

374.  PIboIi  nerd  K  Stason  of  Rest.  AVhen  plants  are  in  luxuriant 
powth,  rapidly  pushing  forili  lenfy  branches,  they  are  not  apt  to 
pvdnce  flower-buds.    Our  fruit-treea,  in  very  moist  aensoPB,  or 
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when  cultivated  in  too  rich  a  soil,  often  grow  luxuriantly,  but  do  not 
blossom.  The  same  thing  is  observed  when  our  Northern  fruit-trees 
are  transported  into  tropical  climates.  On  the  other  hand,  whatever 
checks  this  continuous  growth,  without  affecting  the  health  of  the 
individual,  causes  blossoms  to  appear  earlier  and  more  abundantly 
than  they  otherwise  would.  It  is  for  this  reason  that  transplanted 
fruit-trees  incHne  to  blossom  the  first  season  after  their  removal, 
though  they  may  not  do  so  again  for  several  years.  A  state  of  com- 
parative rest  seems  needful  to  the  transformation  by  which  flowers 
are  formed.  It  is  in  autumn,  or  at  least  after  the  vigorous  vegeta- 
tion of  tlic  season  is  over,  that  our  trees  and  shrubs,  and  most  peren- 
nial herbs,  form  the  flower-buds  of  the  ensuing  year. 

375.  The  requisite  annual  season  of  repose,  which  in  temperate 
climates  is  attained  by  the  lowering  of  the  temperature  in  autunm  and 
winter,  is  scarcely  less  marked  in  many  tropical  countries,  where 
winter  is  unknown.  But  the  result  is  there  brought  about,  not  by 
cold,  but  by  heat  and  dryness.  The  Cape  of  Grood  Hope,  the 
Canary  Ishmds,  and  the  southern  and  interior  parts  of  California, 
may  be  taken  as  illustrations.  In  the  Canaries,  the  growing  season 
is  from  November  to  March,  —  the  winter  of  the  northern  hemi- 
sphere;—  their  winter  also,  as  it  is  the  coolest  season,  the  mean 
temperature  being  66®  Fahr.  But  the  rains  fall  regularly,  and 
vegetation  is  active ;  while  in  summer,  from  April  to  October,  it 
very  seldom  rains,  and  the  mean  temperature  is  as  high  as  73®. 
During  tliis  dry  season,  when  the  scorching  sun  reduces  the  soil 
nearly  to  the  dryness  and  consistence  of  brick,  ordinary  vegetation 
almost  completely  disappears ;  and  the  Fig-Marigolds,  Euphorbias, 
and  other  succulent  plants,  which,  fitted  to  this  condition  of  things, 
alone  remain  green,  not  unaptly  represent  the  Firs  and  other  ever- 
greens of  higli  northern  latitudes.  The  dry  heat  there  brings  about 
the  same  state  of  vegetable  repose  as  cold  with  us.  The  roots  and 
bulbs  then  lie  dormant  beneath  the  sunburnt  crust,  just  as  they  do 
in  our  frozen  soil.  Wlien  the  rainy  season  sets  in,  and  the  crust  is 
softened  by  moisture,  they  are  excited  into  growth  under  a  dimin- 
ished temperature,  just  as  with  us  by  heat ;  and  the  ready-formed 
flower-buds  are  suddenly  developed,  clothing  at  once  the  arid 
waste  with  a  profusion  of  blossoms  (194).  The  vegetation  of  such 
regions  consists  mainly  of  succulents,  which  are  able  to  live  through 
the  drought  and  exposure ;  of  bulbous  plants,  which  run  through 
their  course  before  the  drought  becomes  severe,  then  lose  their 
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foliage,  while  the  bud  remains  quiescent,  safelj  protected  under 
ground  until  the  rainy  season  returns ;  and  of  annuals,  which  make 
their  whole  growth  in  a  few  weeks,  and  ripen  their  seeds,  in  which 
state  the  species  securely  passes  the  arid  season. 

876.  These  considerations  elucidate  the  process  o^ forcing  plants, 
and  other  operations  of  horticulture,  by  which  we  are  enabled  to 
obtain  in  winter  the  flowers  and  fruits  of  summer.  The  gardener 
accomplishes  these  results  principally  by  skilful  alterations  of  the 
natural  period  of  repose.  lie  gives  the  plant  an  artificial  period 
of  rest  by  dryness  at  the  season  when  he  cannot  command  cold, 
and  then,  by  the  influence  of  heat,  light,  and  moisture,  which  he  can 
always  conunand,  causes  it  to  grow  at  a  season  when  it  would  have 
been  quiescent.  Thus  he  retards  or  advances,  at  will,  the  periods 
(^flowering  and  of  rest,  or  in  time  completely  inverts  them. 


CHAPTER    VIII. 

OP  THE  INFLORESCENCE. 

377.  Inflorescence  is  the  term  used  to  designate  the  arrangement 
of  flowers  upon  the  stem  or  branch.  The  flower,  like  the  branch, 
is  evolved  from  a  bud.  Flower-buds  and  leaf-buds  are  often  so 
similar  in  appearance,  that  it  is  diflicult  to  distinguish  one  from  the 
other  before  their  expansion.  The  most  conspicuous  parts  of  the 
flower  are  so  obviously  analogous  to  the  leaves  of  a  branch,  that 
they  are  called  in  common  language  the  leaves  of  the  flower.  Such 
a  flower  as  the  double  Camellia  appears  as  if  composed  of  a  rosette 
of  white  or  colored  leaves,  resembling,  except  in  their  color  and 
texture,  the  clusters  of  leaves  which  are  crowded  on  the  offsets  of 
soch  plants  as  the  Houseleek  (Fig.  207).  We  therefore  naturally 
regard  a  flower-bud  as  analogous  to  a  leaf-bud ;  and  a  flower,  con- 
sequently, as  analogous  to  a  short  leafy  branch. 

878.  This  analogy  is  confii-med  by  the  position  which  flowers  oc- 
copy.  They  appear  at  the  same  situations  as  ordinary  buds,  and  at 
DO  other ;  that  is,  they  occupy  the  extremity  of  the  stem  or  branch, 
and  the  axil  of  the  leaves  (159,  1G5).     Consequently,  the  arrange- 
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ment  of  llio  lonves  go^^erns  the  wliole  arrHngement  of  tlie  lAossn 
U3  well  as  tliHt  of  tlie  brandies.  The  oimust  endle^  T»rielyof 
modes  in  which  ilowcra  rto  cluslercd  upon  llie  extern,  many  of  them 
exhibiting  (lie  most  graceful  of  natural  fonns,  all  implicitly  follow  tlie 
general  law  wliich  has  controlled  the  whole  development  of  ihe  vege- 
table from  thu  bcgiiniing.  Wo  have,  throughout,  merely  buds  tenni- 
naling  the  stem  and  branches,  and  buds  from  the  axil  of  the  leave. 

379.  The  simplest  kind  of  inflorescence  is,  of  course,  that  of  a 
tolilan/  flower, — a  ein- 
gle  flower-etalk  bearing 
a  Einglo  flower;  aa  in 
Fig.  SOG  and  Fig.  327. 
The  flower  b  soUtary  in 
both  Iheee  instances ;  but 
in  the  latter  case  it  oc- 
cupies the  sumnut  of  the  stem,  (hat  is,  it  stands  in  the  place  c^ 
R  terminal  bud ;  in  the  former  it  arises  from  the  axil  of  a  leaf,  or 
represents  an  axillary  bud.  These  two  cases  exhibit,  in  their  great* 
est  simplicity,  the  two  plans  of  inflorescence,  to  one  or  Iho  other  of 
which  all  flower-clusters  belong. 

380.  We  begin  with  the  second  of  these  plans;  in  wliich  the 
flowers  all  spring  from  axillary  buds ;  wliile  the  terminal  bud,  de- 
veloping as  an  ordinary  brand),  continues  the  stem  or  axb  indefl- 
nitely.  For  the  slem  in  such  case  may  continue  to  elongate,  and 
produce  a  flower  in  the  axil  of  every  leaf,  until  its  powers  are  ex- 
hausted (Fig.  307).     This  gives  rise,  thei-eforc,  to  what  is  called 

3S1.  Indcrinitc  or  iDdelermlnale  Infloresccnet.    Tho  primary  axis  ia 

here  never  terminated  by  a  flower  j  but  the  secondary  axes  (from 
axillary  buds)  are  thus  terminated.  The  various  forms  of  iodeS- 
nite  inflorescence  which  in  descriptive  botany  are  distinguished  by 
special  names,  as  might  be  expected,  run  into  one  another  through 
intermediate  gradations.  In  nature  they  are  not  so  absolutely  fixed 
as  in  our  written  definitions ;  and  whether  this  or  that  name  should 
be  used  in  a  particular  case  is  often  a  matter  of  fancy.  The  sub- 
joined account  of  the  prindpal  kinds  will  at  the  same  time  bring  to 
view  the  connection  between  them. 

382.  The  principal  kinds  of  indefinite  inflorescence  which  have 
received  distmelivu  names  are  the  Raceme,  the  Corymh,  the  Umhtl, 
the  Spike,  tliu  Head,  the  Spadix,  the  Catlin,  and  the  Panick. 

[PIG.  3M.    A  nuwulng  bnHDh  of  MiiDcywDrt,  Lyilnuulili  Duiamolu 
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883.  Before  illnittrniing  these,  one  or  two  terras,  of  ci 
nimnoe,  ma^  be  defined.     A  flower  ^Thich  hiis  no  stalk  to  support 
il,  bat  which  sils  ilireclly  on  the  Btem  or  nxia  it  proceeda  from,  is 
eaiii  to  be  $e3$ilf.     If  raised  on  a  stnlk,  this  is  colleil  ite  PKDtmcLK. 
If  the  wliole  flower-cluster  is  raised  oa  a  stnlk,  this 
keeps  the  name  of  peduncle,  or  common  petlunele  (Fig. 
Sff7,p)  ;  nod  the  stalk  of  each  partieulur  flower,  if  it 
hare  any,  takes  the  name  of  Pedickl  or  partial 
prdHaeh  (p).     ITie  porlion  of  the  general  stalk  along 
which  flowers  are  disposed  is  called  the  nii'g  of  t'lt- 
florttttaee,  or,  when  covered  with  sessile  flowers,  the 
riacAia  (backbone),  mid  sometimes  (ns  when  tliiok 
I  coren-d  with  crowded  flowers)    the   receptacle. 
TTie  leave:)  of  a  flowcr-clusler  generally  arc  termed 
Bbactk.     But  when  we  wieh  partieularly  to  distin- 
foisb  ihcrir  sorts,  tliosc  on  the  peduncle,  or  main  axis, 
and  wbicfa  have  a  flower  in  their  iixil,  take  iho  name    ' 
of  JShMte  (Fig.  307,  i)  ;  and  those  en  the  pedicels  or 
poftiftl  flower-sttdks,  if  any,  that  of  Bractlets  or 
BftACTcOLEa  (fr).     The  bracts  arc  often  reduced  to 
a  mintite  size,  so  us  to  escape  ordinary  notice :  they 
very  fre<juenlly  fall  off  when  the  flower-bud  in  their 
udl  expands,  or  even  earlier ;  and  sometimes,  as  in 
tin  greater  purl  of  the  Mustard  family,  they  altogether  ** 

fiil  10  appear. 

381.  A  EaKme  (Fig.  307,  308,  315)  is  that  form  of  flower-cluster 
in  whieli  the  flowers,  each  on  their  own  footstalk  or  pedicel,  are 
■moged  Hlong  n  common  stalk  or  axis  of  infloresencc ;  as  in  the 
Lay  of  (he  ■\'alley,  Currant,  Choke-Oierry,  Barberry,  &c.  The 
rnt  blosMirns  of  a  raceme  are  of  course  the  oldest,  and  therefore 
•a  fiiEl,  and  the  order  of  blossoming  is  cueendirtg,  from  the  bot- 
1  la  Iho  top.  Ttio  summit,  never  being  stopped  by  a  terminal 
fW,  nay  go  on  to  grow,  and  often  does  so  (as  in  the  Snowbcrry, 
SHftberd*!!  Purse,  &e.),  producing  lateral  flowers  one  after  another 
ihnNgbuul  the  sefi-son.  In  the  raceme,  the  axis  of  inflore^icenee  is 
wan  or  lou  elongated,  mid  the  pedicels  ore  about  equal  in  length. 

»5.  1  COTimb  (Fig.  309,  319)  is  the  same  as  a  raceme,  except 
fat  tlte  lower  piylicets  arc  elongated,  sn  as  to  form  a  level-lopped  or 
iK|tHlj  convex  bunch  of  flowere  ;  as  in  the  Hawthorn,  &c. 

i.tK.    A  Finn  I.  allli  nem»-l  pojanefe  0-|,|»llcel»  [p'),  bntfU  m.  »i 
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38G.  Ad  Umbel  (Pig.  310)  diSere  from  a  coiTmb  only  in  having 
all  the  pedicels  arising  from  the  same  apparent  point,  BO  as  to  reton- 
hlo  the  rays  of  on  umbrella; — the  genera!  pcdunele,  ia  this  case, 
beariug  several  £owers  without  any  perceptible  elongaticHi  of  the 


axis  of  inllorcsence.      The   Primrose  and  the  Milkweed  afTord 

familiar  examplus  of  the  simple  umbel. 

S87.  A  corymb  bemg  evidcnilyihe  same  "^as  a  raceme  with  a 
short  main  axis,  and  an  umbel  the  same 
as  a  corymb  with  a  still  shorter  oxisi, 
it  is  evident  timt  the  outer  flowers  of 
an  umbel  or  corymb  correspond  to  the 
lowermost  in  the  raceme,  and  that  these 
will  tir»t  cxpnnd,  the  blossoming  pro- 
ceeding regularly  from  the  base  to  the 
apex,  or  (which  is  the  same  thmg)  from 
the  circumference  to  tlic  centre.  This 
mode  of  development  uniformly  takes 
place  when  the  flowers  arise  from  axil- 
larj-  buds ;  on  wJiich  account  the  indefi- 
nite mode  of  inflorescence  is  also  called 
the  centripetal. 

388.  In  all  the  foregoing  cases,  the 
flowers  are  raised  on  stalks,  or  pedicels. 
When  these  are  wanting,  or  so  short  as 
not  to  be  apparent,  a  Spike  or  Ifeadis 
produced. 
I  as  tlie  r.iceme,  except  that  the  flowen 
n  the  Plantain  (Fig.  311)  and  Mullein.     Itis  an  in- 


389.  A  Spike  ii 
are  sessile ; 
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tIeumunntA  infloresenoe,  with  llie  primnry  axis  oIongiit«l,  and  tlie 
Sowers  dctitutci  of  pwiiccU  or  wiiii  only  very  sliort  oiii-s.  Two 
vari^^tiM  of  llio  6j)iko  have  roceivoil  indcpoudGnC  name«,  viz.  ihe 
J^tadtj;  nni]  tlie  Amfnl. 

390.  i  SpadiX  i*  a  flesby  8pike  envelopcil  by  a  large  bract  or  mod- 
ified leaf,  cailcil  a  Spatiie,  as  in  Qtlla  pnlu^lns  (Fig.  313),  the 
Indiwi  Turnip  (Fig.  314),  and  ihe  Skunk  Cabbage  (Fig.  1205). 


891.  ll  imCBt.  or  Catkin,  is  merely  tbat  kind  of  epike  with  scaly 
bnds  bomc  by  thu  Birch  (Fig.  312),  Poplar,  Willow,  and,  as  lo  one 
of  ibc  two  wrts  of  flowers,  by  the  Oak,  Walnut,  anil  llickorj',  wliich 
sra  BCmnlingly  called  ai'ienlaceom  trett.  Catldns  usually  fall  off 
ia  one  piece,  after  flowering  or  fruiting,  especially  el«rile  catkins. 

892.  Tbe  QcHd,  or  Capitnluilli  i^  a  globular  cluster  of  sessUe  flowers, 
Oe  that  of  Ckiver.  the  Button-Bush  (Fig.  320),  and  the  balLj  of  the 
Bmonwood  or  Phuie-tree.     It  is  a  nuuiy-flowered  centripelol  in- 

I  'which  neither  the  primary  axis  nor  the  tccondnrj' 
:  at  all  lengthened.  Wo  may  ricw  it  either  as  an  umbel 
t  any  pedicclsi,  or  as  a  spike  with  a  very  short  axis.  Gen- 
•nlly  it  id  of  tlie  lalier  cluiraclor,  il?  is  evident  in  a  Clover-head, 
«berv  what  was  firat  a  head  frequently  clongalea  iulo  a  epikc  aa  it 
pnws  oldiT. 

of  Ctwnj. 
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893,  Tha  base  bolh  of  the  Iiwiil  ami  the  umlwl  is  fre<iuently  fur- 
nished with  a  number  of  imperfect  loaves  or  bmcts,  crowded  into  s 


cluster  or  wliorl,  termed  an  IxvoLncitE.    The  inyolncre  assumes  a 
great  variety  of  fonns  ;  sometimes  resembling  a  csiyx  ;  and  gome- 


no.  820.  Bud  oC  flnwcTi 

FIO.  3S1.  PbatofConiaii 

aomo.    822.  A  Kpirsw  flo 


ZkbOTj,  with  two  liMuli  of  ItKulatn  H 
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ttmca  (OA  in  Cornu^  Floridii,  or  ihn  common  Dogwood,  and  C.  Ciinn- 
dtaas.  Fig.  S2I)  becoming  pclal-like,  and  much  more  sliowj  tliim 
the  l>lo«wm  it^-lf.  Here  it  is  at  once  distinguished  from  tbc  calyx 
or  nonilla  by  ils  including  a  number  of  flowei^.  SoiDetimee,  liow- 
ercr,  ns  in  llie  Mullow  mid  Illbij^us,  the  involucre  forms  a.  kind 
of  ouier  calyx  to  cacli  flower. 

894.  The  tak,  oe  rhflcbis  (382),  of  a  head  ia  called  ita  Recep- 
tacle- Frequently,  instead  of  being  globular  or  oblong,  it  is  flat  or 
dc]i«g>wd,  and  dilnled  horizontally,  so  as  (o  allorc  a  Inrge  number  of 
flowers  lo  Eland  on  its  level  or  merely  convex  surfaee ;  as  in  the  Sun- 
6oircr,  Aslcr,  Marigold,  Dandelion,  and  C^chory  (Fig.  323).  Here, 
as  in  Fig.  321,  a  Bet  of  bracts  form  an  involucre,  Eurrounding  the 
dense  bend  of  flowers.  And  ns  the  involucre  considcrnbly  resemUea 
ft  calyx,  while  llie  outer  flowers,  often  of  a  i^culiar  sort,  are  readily 
mtstokra  fur  pelaU,  the  head  in  these  and  similar  plants  was  called 
a  eompoand  Jloieer  by  the 
older  Uilaiiists.  Fig.  324  rep- 
resents a  section  through  a 
bead  of  such  flowers  in  a  Co- 
reop^ ;  and  Fig.  325  is  a  slice 
of  iIm3  same,  more  enlarged, 
displaying  some  of  the  sepa- 
rate flowers.  In  Coreopsis. 
as  in  the  Snnflower,  Yarrow, 
Ac,  caHi  blossom  of  the  head  is  subtended  by  ita  bract  (J) ;  and 
Um  brads  in  such  cases  are  called  Paka  or  Chaff. 


895.  The    Fic   presents  a  case  of  very  singular  inflorcsce 


no.  3U.    Tcrtkal  tettiaa  nt  ■  b~l  of 

na».  A<ii«irfnc-aM,>i>oi<e<.i< 
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(Fig.  590  -  592),  where  the  flowers  apparently  occupy  the  inside 
instead  of  tlie  outside  of  the  axis,  being  enclosed  within  the  fleshy 
receptacle,  which  is  hollow  and  nearly  closed  at  the  top.  So  that 
while  a  Sunflower,  or  the  like,  is  an  inflorescence  imitating  a  blo8- 
sora,  a  flg  is  on  inflorescence  imitating  a  fruit  Indeed,  it  is  much 
like  a  mulberry  (Fig.  593)  or  a  pine-apple,  turned  inside  out. 

396.  Tlie  foregoing  are  all  forms  of  simple  inflorescence ;  the 
ramiflcation  not  passing  beyond  the  first  step ;  the  lateral  buds  being 
at  once  terminated  by  a  single  flower.  But  the  lateral  flower- 
stalks  may  themselves  branch,  just  as  ordinary  branches  ^ve  rise 
to  branchlets :  then  the  inflorescence  becomes  compound.  If  the 
branches  of  a  raceme  are  prolonged,  and  bear  other  flowers  on  pedi- 
cels similarly  arranged,  a  compound  raceme  is  produced ;  or  if  the 
flowers  are  sessile,  a  compound  spike  is  formed.  A  corymb,  the 
branches  of  which  arc  similarly  divided,  forms  a  compound  corytnb ; 
and  an  umbel,  where  the  branches  (often  called  rays)  bear  smaller 

umbels  at  their  apex,  is  termed  a  compound  um- 
bel ;  as  in  the  Caraway,  Parsnip,  and  almost  all 
the  species  of  the  family  Umbellifenc,  which  is 
so  named  on  this  account* 

397.  For  these  secondary  umbels,  a  good  Eng- 
lish name  has  been  employed  by  Dr.  Darlington, 
that  of  Umbellets.  Their  involucre,  when 
they  have  any,  is  distinguished  from  that  of  the 
principal  umbel  by  the  name  of  Involucel. 

398.  When  the  inflorescence  is  compound,  it  is 
readily  seen  that  the  different  kinds  of  inflores- 
cence may  be  combined ;  the  first  ramification 
following  one  plan,  and  the  subdivision  another. 
The  combination  is  usually  expressed  by  a  de- 
scriptive plirasc,  as  "spikes  racemose,  or  ra- 
cemed,"  "  heads  coiymbosc,"  &c.  The  combina- 
tion of  the  raceme  and  the  corymb  or  the  c^-me 
gives  rise  to  a  form  of  inflorescence  which  lias  a 
technical  name,  viz. :  — 

399.  The  Panicle.  This  is  formed  when  the 
secondary  axes  of  a  raceme  branch  in  a  corjTnbose  manner,  as  in 
most  Gitisses  (Fig.  318,  32  G),  or  when  those  of  a  corj'mb  divide  in  the 
manner  of  a  raceme.     And  the  name  is  applied  to  almost  any  open 

no.  a26.    A  panicle.    (Compare  with  Fig.  807.) 
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and  more  or  less  elongated  inflorescence  which  is  irrcgularlj  branched 
twice,  thrice,  or  a  greater  number  of  times. 

400.  A  Thy rsni)  or  Thyne)  is  a  compact  panicle  of  a  pyramidal,  oval, 
or  oblong  outline  ;  such  as  the  cluster  of  flowers  of  the  Lilac  and 
Horsechestnut,  a  bunch  of  grapes,  &c. 

401.  Moite  or  DetermiDate  Inflorescence.    In  this  chiss,  the  flowers 

nil  represent  terminal  buds  (380).  The  primary  axis  is  directly 
terminated  by  a  single  flower-bud,  as  in  Fig.  827,  and  its  growth 
is  of  course  arrested.  Here  we  have  a  solitary  terminal  flower. 
Further  growth  can  take  place  only  by  the  development  of  secondary 
axes  from  axillary  buds.  These  may  develop  at  once  as  peduncles, 
or  as  leafy  branches ;  but  they  are  in  either  case  arrested,  sooner  or 
later,  by  a  flower-bud,  just  as  the  primary  axis  was  (Fig.  328).  If 
further  development  ensue.<,  it  is  by  the  production  of  branches  of  the\ 
third  order,  from  the  axils  of  leaves  or  bracts  on  the  branches  of  the 
second  order  (Fig.  829)  ;  and  so  on.  Hence  this  mode  of  inflo- 
rescence is  said  to  be  definite  or  determinate,  in  contradistinction  to 
the  indeterminate  mode,  already  treated  of,  where  the  primary  or 
leading  axes  elongate  indefinitely,  or  merely  cease  to  grow  from  Ac 
failure  of  nourishment,  or  some  other  extrinsic  cause.  The  most 
common  and  most  regular  cases  of  determinate  inflorescence  occur  in 
opposite-leaved  plants,  for  obvious  reasons ;  and  such  arc  accordingly 
chosen  for  the  subjoined  illustrations.  But  the  Rose,  Potentilla,  and 
Buttercup  furnish  familiar  examples  of  the  kind  in  altemate-leavcd 
plants. 


402.  The  determinate  mode  of  inflorescence  assumes  forms  which 
may  closely  imitate  those  of  the  indeterminate  kind,  alnjady  de- 
scribed, and  with  which  they  have  been  confounded.  "NMicn,  for  ex- 
ample, all  the  secondary  axes  connected  with  the  inflorescence  are 
arrested  by  terminal  flowers,  without  any  onward  growth  except 

no.  8B7  -829.    Sbgnmi  of  regular  forms  of  determinate  or  centrifugal  inflorBseence. 
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what  fonns  their  footstalks  or  pedicels,  and  these  arc  nearly  equal  in 
length,  a  raceme-like  inflorescence  is  produced,  as  in  Fig.  330 ;  or 
when  the  flowers  have  scarcely  any  pedicek,  the  spike  is  imitated. 
These  are  distinguished  from  the  true  raceme  and 
spike,  however,  by  the  reverse  order  of  development 
of  the  blossoms ;  the  terminal  one  opening  earliest,  and 
the  others  expanding  in  succession  from  above  down- 
wards ;  while  the  blossonung  of  the  raceme  proceeds 
from  below  upwards.  Or  when,  by  the  elongation  of 
the  lower  secondary  axes,  a  corymb  is  imitated,  the 
flowers  are  found  to  expand  in  succession  from  the 
centre  of  each  ramification,  beginning  in  the  centre  of 
the  cluster,  while  the  contrary  occurs  in  the  corymb. 
That  is,  while  the  order  in  indeterminate  inflorescence 
is  centripetal  (387),  that  of  the  determinate  mode  is 
centrifugaL  When  the  determinate  inflorescence  as- 
sumes the  flattish  or  convex  form,  which  it  more  com- 
monly does,  it  has  a  distinctive  name,  viz. :  — 

403.  The  C)Tne-  This  is  a  flat-topped,  rounded  or  expanded  in- 
florescence, whether  simple  or  compound,  of  the  determinate  class ; 
of  which  those  of  the  Laurustinus,  Elder,  Dogwood,  and  Hydrangea 
(Fig.  420)  are  fully  developed  and  characteristic  examples.  In  com- 
pound and  compact  cymes,  such  as  those  of  the  Laurustinus,  Dogwood, 
&c.,  the  leaves  or  bracts  are  usually  minute,  rudimentary,  or  abor^ 
tive,  and  all  the  numerous  flower-buds  of  the  cluster  are  fully  formed 
before  any  of  them  expand ;  and  the  blossoming  then  runs  through 
the  whole  cluster  in  a  short  time,  commencing  in  the  centre  of  the 
cyme,  and  then  in  the  centre  of  each  of  its  branches,  and  thence  pro- 
ceeding centrifugally.  But  in  the  Chickweeds  (Fig.  331),  in  Hy- 
pericum, and  many  similar  plants,  the  successive  production  of  the 
branches  and  the  evolution  of  the  flowers,  beginning  with  that  which 
arrests  the  growth  of  the  primary  axis,  go  on  gradually  through  the 
whole  summer,  until  the  powers  of  the  plant  are  exhausted,  or  until 
all  the  branchlets  or  peduncles  are  reduced  to  single  intemodes,  or 
pedicels  destitute  of  leaves,  bracts,  or  bractlets,  when  no  further  de- 
velopment can  take  place.  Such  cases  enable  us  to  study  the  deter- 
minate inflorescence  to  advantage,  and  to  follow  the  successive  steps 
of  the  ramification  by  direct  observation. 

404.  A  Cymnle  {Cymula)  is  a  diminutive  cyme,  or  a  branch  or 
cluster  of  a  compound  cyme. 

FIQ.  390.    Definite  Infloreeoence  ImltatUig  a  noeme. 
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405.  The  Fisdeb  is  a  very  compact  cjmej  with  upright  or  ap- 
pressed  hranches ;  as  in  the  Sweet  William. 

406.  A  GloilKnile  is  a  cyme  condensed  into  a  kind  of  head.    It  is 
to  the  C3rme  what  the  head  is  to  the  corymb  or  umbeL 


407.  There  are  several  abnormal  modifications  of  definite  inflo- 
rescence, arising  from  irregular  development,  or  the  suppression  of 
parts,  such  as  the  non-appearance  sometimes  of  tlic  central  flower, 
or  of^en  of  one  of  the  lateral  branches  at  each  di\'ision ;  as  in  the 
ultimate  ramifications  of  Fig.  331,  where  one  of  the  lateral  pedicels 
is  wanting.  When  this  deviation  is  completely  manifested,  that  is, 
when  <me  of  the  side  branches  regularly  fails,  the  cj-me  is  apparently 
converted  into  a  kind  of  one-sided  raceme,  and  the  flowers  seem  to 
expand  from  below  upwards,  or  centripetally.  The  diagram.  Fig. 
332,  when  compared  with  Fig.  331,  explains  this  anomaly.  The 
place  of  the  axillary  branch  which  faib  to  develop  at  each  ramifica- 
tion is  indicated  by  the  dotted 

Unes.     Cases  like  this  occur  •^^^^     U 

in    several    Hypericums,   and  \^  ^^^1 

in  fame  other  opposite-leaved 
plants.  An  anak)goos  case  oc- 
curs in  many  akemate-leaved 
plants ;  where  the  stem,  being 
terminated  by  a  flower,  is  con- 
limied  by  a  branch  from  the 
azfl  of  the  uppermost  leaf  or 
bract ;  this,  bearing  a  flower, 
is  fiimikriT  prokoged  by  a  secondary  branch ;  that  by  a  tliird,  and 
so  oo ;  as  is  fehown  in  the  diagram,  Fig<  333.      Such  forms  of  infio- 


no 


\j  developed  cjme  of  Alsine  Michaaxii. 

of  bdkoid  cymes  or  &1m  noemes. 
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rcscencc,  which  we  may  observe  in  Drosera,  Sedum,  and  Hounds- 
tongue,  imitate  the  raceme  so  nearly,  that  tliey  have  commonly  been 
considered  as  of  that  kind.  Tliey  are  distinguishable,  however,  by 
the  position  of  the  flowers  opposite  the  leaf  or  bract,  or  at  least  out 
of  its  axil ;  while  in  the  raceme,  and  in  every  modification  of  cen- 
tripetal inflorescence,  the  flowers  necessarily  spring  from  the  axils. 
But  if  the  bracts  disappear,  as  they  commonly  do  in  the  Forget-me- 
not,  &c.,  the  tnie  nature  of  the  inflorescence  is  not  readily  made  out 
Tlie  undeveloped  summit  is  usually  circinate,  or  coiled  in  a  spiral 
manner  (Fig.  219),  gradually  unrolling  as  the  flowers  grow  and 
expand,  and  becoming  straight  in  fruit  On  account  of  this  coiled 
arrangement,  such  cymes  or  false  racemes  are  said  to  be  helicoidj 
or  scorpioid, 

408.  The  cyme,  raceme,  head,  &c.,  as  well  as  the  one-flowered 
peduncle,  may  arise,  either  at  the  extremity  of  the  stem  or  leafy 
branch  (terminal),  or  in  the  axil  of  the  Icjives  {axillary).  The  case 
of  a  peduncle  opjwsite  a  leaf,  as  in  the  Poke,  the  Grape-vine,  &c*,  is 
just  that  illustrated  in  Fig.  333,  except  that  in  these  cases  the  peduncles 
bear  a  cluster  of  flowers  instead  of  a  single  one.  The  tendrils  of 
the  Vine  (Fig.  IGl)  occupy  the  same  position,  and  are  of  the  same 
nature.  In  a  growing  Grape-vine,  it  is  evident  that  the  uppermost 
tendril  really  terminates  the  stem ;  and  that  the  latter  is  continued 
by  the  growth  of  the  axillary  bud,  situated  between  the  petiole  and 
the  peduncle ;  the  branch  thus  formed,  assuming  the  direction  of  the 
main  stem,  and  apix^aring  to  be  its  prolongation,  throws  the  peduncle 
or  tendril  to  the  side  opposite  the  leaf. 

400.  The  extra-axillary  |wduncles  of  most  species  of  Solanum,  &c. 
are  terminal  peduncles,  which  have  become  lateral  by  the  evolution 
of  an  axillary  branch,  with  which  the  peduncle  or  the  petiole  is 
united  for  some  distance.  Such  peduncles  sometimes  come  from 
extra-axillary  accessory  buds  (1G9). 

410.  In  the  Linden  (Fig.  742)  the  peduncle  appears  to  spring 
from  the  middle  of  a  peculiar  foliaceous  bract.  But  this  is  rather 
a  bractlet,  inserted  on  the  middle  of  the  peduncle,  and  decurrent 
down  to  its  base. 

411.  A  peduncle  which  arises  from  the  stem  at  or  bcneiith  the 
surface  of  the  ground,  as  in  Bloodixwt,  the  Pnmrosc,  the  so-called 
stemless  Violets,  etc.,  is  called  a  radical  peduncle,  or  a  Scape. 

412.  A  combination  of  the  two  classes  of  inflorescence  is  not  un- 
usual, the  general  axis  developing  in  one  way,  but  the  separate 
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flower-clusters  in  the  other.  Thus  the  heads  of  the  Sunflower  and 
of  all  the  so-called  compound  flowers  (394)  are  centripetal^  the 
flowers  expanding  regularly  from  the  margin  or  circumference  to  the 
centre  ;  while  the  bmnches  tliat  bear  the  heads  are  developed  in  the 
centrifugal  mode,  the  central  heads  being  earliest  to  come  into  blos- 
som. This  is  exactly  reversed  in  all  Labiata;  (plants  of  the  Mint 
tribe);  where  the  stem  grows  on  indefinitely,  producing  axillary 
clusters  in  the  form  of  a  general  raceme  or  spike,  which  blossoms 
from  below  upwards ;  while  the  flowers  of  each  cluster  form  a  cyme, 
and  expand  in  the  centrifugal  manner.  These  cymes,  or  cymules 
(404),  are  usually  close  and  compact,  and  being  situated  one  in  each 
axil  of  the  opposite  leaves,  the  two  together  frequently  fonn  a  dus- 
tier which  surrounds  the  stem,  like  a  whorl  or  verticil*  (as  in  the 
Catnip  and  Ilorehound) :  hence  such  flowers  are  of\en  said  to  be 
vrhorled  or  verticiUatey  which  is  not  really  the  case,  as  they  evidently 
all  spring  from  the  axils  of  the  two  leaves.  The  ap^iarent  verticil 
of  this  kind  is  sometimes  termed  a  Verticillaster. 

413.  True  whorled  flowers  occur  only  in  some  plants  with  whorled 
leaves,  as  in  Hippuris  and  the  Water  MilfoiL 


CHAPTER    IX. 

op  the  flower. 
Sect.  L    Its  Organs,  or  Co^iponent  Parts. 

414.  Having  glanceil  at  the  circumstances  which  attend  and  con- 
trol the  pnxluction  of  flowers,  and  considered  the  laws  which  govern 
their  arrangement,  we  have  next  to  inquire  what  the  flower  is  com- 
posed of. 

415.  The  Flower  (117)  assumes  an  endless  variety  of  forms  in 
different  si>ecies,  so  that  it  is  very  difficult  properly  to  define  it. 
The  name  was  earliest  applied,  as  it  is  still  in  ]X)pular  language 
gencndly  applied,  to  tlie  delicate  and  gayly  colored  leaves  or  petals, 
so  different  from  the  solx?r  green  of  the  foliage.  But  the  petals, 
and  all  these  bright  hues,  are  entirely  wanting  in  mimy  flowers, 
while  ordinary  leaves  sometimes  assume  the  brilliant  coloring  of  the 
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blossom     The  Btamens  and  pistlla  are  the  characteliBtic  organs  of 
the  flower  i  but  Bometimea  one  or  the  other  of  these  dissppear  from 
s)  a  particular  flower,  and  both  are  absent  from 

full  douhle  Boses,  Camellias,  &c,  in  which  we 
have  oqI^  a  regular  rosette  of  delicate  leaves. 
Thi^,  however,  is  an  unnatural  elate,  the  conse- 
quence of  protracted  cultivation. 

416.  The  flower  consists  of  the  organs  of  re* 
production  of  a  Plucnt^ainous  plant  (114),  and 
their  envelopes.  A  complete  fiower  consists  of 
the  essential  organs  of  reproduction  (viz.stamem 
and  pistils),  Eurrounded  b^  two  sets  of  leaves 
or  envelopes  which  protect  them.  The  latter 
are  of  course  ej^erior  or  lower  tlum  the  former, 
which  in  the  bud  the^  enclose. 

'^^  417.  The  Floral  Eurelopn,  then,  are  of  two 

*"  sorts,  and  occupy  two  circles,  one  above  or 

within  the  other.  Those  of  the  lower  circle,  the  exterior  envelope 
in  the  flower-bud,  form  the  Calyx  :  they  commonly  exhibit  the 
green  color  and  have  much  the  appear- 
ance of  ordinaiy  leaves.  Those  of  the 
inner  circle,  which  are  commonly  of  a 
more  delicate  texture  and  brigliler  color, 
and  form  the  most  showy  part  of  the 
blossom,  compose  llio  Cokolla.  Tlie 
Mvcral  [Mirts  or  leai'es  of  tlic  corolla  are 
called  Petals  :  and  tfic  leaves  of  tlic  »•  ssr  at  aa 
calyx  lake  the  coiTCspondiug  name  of  Sepals.  One  of  the  five 
sepals  of  the  flower  represented  in  Fig.  334  is  separolely  shown  in 
Fig.  336  ;  and  one  of  the  petals  in  Fig.  337.  Tlie  calyx  and  corolla, 
taken  together,  or  the  whole  floral  envelopes,  wlmiever  they  may  con- 
sist of,  are  sometimes  ciUled  the  Pekiantu  (Periant/tium  or  I'eri- 
gontum). 

418.  The  ESKntial  Oi^ans  of  the  flower  are  likewise  of  two  kinds, 
and  occupy  two  circles  or  rows,  one  within  the  other.     The  first  of 

no.  SSI.  TbaconipletsfloirerofmCnnDla.  3SE,  Msgnm of  lu cmHcrMim In  Iha bod, 
■boirlDE  Uw  RliUn  puiUon  of  lU  pirU.  ThoflTe  plecfiof  Uc  exterior  rlicla  an  Hctloni  if 
till  HjAli ;  Uia  next,  of  tha  petala ;  Uie  tUnl,  of  tbs  >taiD«ii«  thiDDgli  Uulr  uthcn  \  the  tn- 
DCnnoet,  of  thd  fln  pIlUlL 

FIO.  33S.  AHpiliSST,  ipeUliSSS,  aitimcn;  ud  839,  ■  plMll  thm  Ui«  SDini  Rfi*- 
ftalmi  in  Fig.  S3l 
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f  those  next  within  the  petals,  nre  the  STAsrexs  (Fig.  838). 
A  stamen  consists  of  a  column  or  siulk,  called  the  Filament  (Fig. 
340,  a),  and  of  a  rounded  body,  or  case,  termed  ihe  As- 
TnER  (ft),  fiUed  with  a  powdery  substance  called  Pol- 
LZS,  which  it  dischai^rcs  tlirongh  one  or  more  slits  or 
(^vcnings.  The  older  botanists  had  no  general  term  tor 
Uie  Btamens  taken  collectively,  analogous  to  that  of  corolla 
for  the  entire  whorl  of  petals,  and  of  calyx  for  the  whorl 
of  sepals.  A  name  lias,  however,  reucnlly  been  pro- 
posed for  the  ttaminate  tyftfiH  of  a  flower,  which  it  is 
oocmionally  convenient  to  use  ;  tliut  of  Andriecicji. 

419.  The  remaining,  or  seed-bearing  oi^ns,  which  occupy  the 
centre  or  summit  of  the  flower,  to  whose  protection  and  perfection 
all  the  other  parts  of  tlie  flower  are  in  some  way  eubservienl,  are 
termed  the  PisTU.3.  To  them  collectively  the  name  of  Gynjcciuh 
has  boen  applied.  One  of  them  is  Beparately  shown  in  Fig.  330. 
This  ifl  Been  more  magnified  and  cut  across  in  Fig.  342  ;  and  a  dit- 
ferent  one,  longitudinally  divided, 
so  as  to  exhibit  the  whole  length 
of  its  cavity,  or  ceU,  is  represent- 
ed m  Fig.  341. 

420.  A  pistil  is  distingniBhed 
'  into  three  parts ;  namely,  the 
OvAHT  (Fig.  341,  a).  Uic  hollow 
portion  at  the  base  which  con- 
tains the  OvrLES,  or  bodies  des- 
tined to  become  seeds ;  the  Sttlb 
r  columnar  prolongation  of  the  apes  of  tho 
onxy ;  and  the  Stigma  (c),  a  portion  of  the  sur- 
far«  of  the  style  denuded  of  epidermis,  sometimes 
a  mere  point  or  a  small  knob  at  the  apex  of  Ihe 
Mjle,  but  often  forming  a  single  or  double  Ime 
nimuDg  down  a  part  of  its  inner  iase,  and  assum- 
i^  ft  great  diversity  of  appearance  in  diflerent 
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421.  All  tho  organs  of  the  flower  are  silnated  on,  or  grow  out  of) 
the  npex  of  Ihi-  flowcr-stnik,  into  which  they  nre  said,  in  botanicnl  Ibd- 
gunge,  to  bi!  inserted,  and  which  is  called  tho  ToRCS,  or  Receptacle. 
This  is  the  axis  of  the  flower,  to  which  the  floral  organs  are  attached 
(just  OS  leaves  are  to  the  stem)  ;  tho  calyx  at  ita  very  base ;  the 
petals  just  within  or  above  tho  calyx ;  tho  stamens  just  within  the 
petals  i  and  the  pistils  witliiii  or  above  the  stamens  (Fig.  343). 

J      ,  423.  Sueh  is  the  struct- 

ure of  a  complete  and  regu- 
lar flower ;  which  we  take 
as  the  type,  or  Etandartl  of 
comparison.  The  calyx 
and  corolla  arc  termed  pnh 
feeling  orgatu.  In  the  bud, 
they  envelope  the  other 
ports  :  the  calyx  sometimes 
forms  a  covering  even  ft* 
the  fruit ;  and  when  it  retiuns  its  leof-like  texture  and  color,  it  as- 
similates the  sap  of  the  plant  with  tho  evolution  of  oxygen  gas,  in 
the  same  maimer  as  do  true  leaves  :  the  corolla  elaborates  honey  or 
other  secretions,  for  the  nourishment,  as  is  supposed,  of  the  stamens 
and  pistils,  Kcithcr  the  calyx  nor  corolla  is  essential  to  a  flower, 
one  or  both  being  not  unfrequently  wanting.  The  stamens  and  pis- 
tils are,  however,  esteniial  organs,  since  botli  are  necessary  to  the 
production  of'  seed.  But  even  these  ore  not  alw.tys  both  present  in 
the  very  same  flower ;  as  will  bo  seen  when  we  come  to  notice  the 
diverse  fonns  which  the  blossom  assumes,  and  to  compare  them  with 
our  pattern  flower. 


The  Theoheticai,  Stuucture  or  Gekeral  Mor- 

mOl-OGY   OF  THE   FlOVVER. 


423.  To  obtain  at  the  outset  a  correct  idea  of  the  flower,  it  is 
needfiil  here  to  consider  the  relation  which  ils  organs  sustain  to  the 
organs  of  vi'gctation.  Taking  tho  bla^som  as  a  whole,  we  have 
recognized,  in  the  chapter  on  Inflorescence  (377),  the  identity  of 
flower-buds  and  Icof-buds  as  to  silu:itioii,  &c.     Flowers,  consequently, 
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^^^li  least  analogoua  ta  branches,  and  the  leaves  of  tlie  Hoyrer  arts 
analogous  la  ordumry  leaves. 

42i.  But  the  question  wliich  now  ariFiea  h,  whether  the  leaves  of 

the  stem  and  the  leaves  and  ihc  more  iieculiflr  organs  of  the  flower 

axe  not  homologous  parte,  that  is,  parts  of  the  enme  fundamental 

luUntv,  although  developed  in  different  sliapea  that  they  may  sub- 

BetTC  different  offices  in  the  vegetable  economy ;  — just  as  the  arm 

of  man,  the  fore-leg  of  qoadrupeds,  the  wing-like  fore-leg  of  the  bad 

U>e  inie  wing  of  birds,  and  even  the  pectoral  fin  of  fishes,  all  repre- 

bMMk.-M>e  uid  tlie  some  organ,  although  developed  under  widely  dif- 

^^^^B  forms  and  subsenient  to  more  or  less  different  end'».     The 

^^Hft  continues  for  a  considerable  time  to  produce  buds  which  de- 

^^^Kp  into  hmnches.     At  length  it  produces  buds  which  expand  into 

r    hlnmntnri     Is  there  an  entirely  new  system  introduced  when  flowers 

■|)|)ear?    Are  the  blossoms  formed  Dpon  eucb  a  different  plan,  that 

'     tlto  general  laws  of  vegetation,  which  ha\'G  suHiced  for  the  interpr&- 

taliou  of  all  the  phenomena  up  to  the  inflorescence,  are  to  nfibrd  no 

farther  clew  ?     Or,  on  the  eontrary,  now  that  peculiar  results  ore  to 

^^Mltained,  are  the  simple  and  ploi^tic  organs  of  vegetation  —  the 

^^^^■Sad  leaves  —  developed  in  new  and  j»eculiar  forms  for  the  ac- 

^^^Bfiihtnent  of  these  new  ends  ?     The  latter,  doubtless,  ia  the  cor^ 

^^HHTtww.     The  plant  does  not  produce  essentially  new  kinda  of 

organs  to  fulfil  the  new  conditions,  but  adopts  and  adapts  tlie  old. 

MoCwiihslanding  these  new  conditions  and  the  successively  increas-. 

Bg  difference  in  appearance,  llie  fundamental  laws  of  vegetation 

B^  be  traced  from  the  leafy  branch  into  and  tluxiugh  tlie  flower. 

Tbat  i&,  the  parts  of  the  blossom  arc  homologous  with  leaves,  are 

leaves  iu  other  forms  than  tliat  of  foliage. 

425.  The  student  will  have  observed,  that  in  vegetation  no  new 
vrpats  are  introduced  to  fulfil  any  particular  condition,  but  the  com- 
Bon  elcBicntSi,  the  root,  stem,  and  leaves,  are  developed  in  peculiar 
tod  titling  forms  to  subserve  each  6])ecial  purpose.  Thus,  the  same 
trgaa  which  constitutes  the  elem  of  an  herb,  or  the  trunk  of  a  tree, 
we  rMognize  in  the  trailing  vine,  or  the  twiner,  spirally  climbing 
•iW  Bicms,  in  the  straw  of  Wheat  and  other  Grasses,  in  the  colum- 
■■r  trank  of  the  Palm,  in  the  flailcned  and  jointed  Opunlin,  or 
nicely  Pear,  and  in  the  rounded,  lump-like  body  of  the  Melon- 
OmIus.  So,  also,  branches  harden  into  spiues  in  tlic  Thorn,  or,  by 
an  opposite  change,  become  flexihie  and  attenuated  tendrils  in  the 
ra  in  the  Strawberry ;  or,  when  developed  ui 
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ground,  they  assumo  the  aspect  of  creeping  roots,  and  sometimes 
form  thickened  rootstalks,  as  in  the  Calamus  and  Solomon's  Seal,  or 
tubers,  as  in  the  Potato.  But  the  type  is  readily  seen  through 
these  disguises-  They  arc  all  mere  modifications  of  the  stem.  The 
leaves,  as  we  have  already  seen,  appear  under  a  still  greater  variety 
of  forms,  some  of  tlicm  as  widely  diflfcrent  from  the  common  type  of 
foliage  as  can  bo  imagined ;  such,  for  example,  as  the  thickened  and 
obese  leaves  of  the  Mesembryanthemums ;  the  intense  scarlet  or 
crimson  floral  leaves  of  the  Euchroma,  or  Painted-Cup,  of  the 
Poinsettia  of  our  conservatories,  and  of  several  Mexican  Sages ;  the 
tendrils  of  the  Pea  tribe ;  the  pitchers  of  Sarracenia  (Fig.  300), 
and  also  those  of  Nepenthes  (Fig.  301),  which  are  leaf,  tendril,  and 
pitcher  combined.  The  leaves  also  appear  under  very  different 
aspects  in  the  same  individual  plant,  according  to  the  purposes  they 
are  intended  to  subserve.  The  first  pair  of  leaves,  or  cotyledons, 
when  gorged  with  nutritive  matter  for  the  supply  of  the  earliest 
wants  of  the  embryo  plant,  as  in  the  Almond,  Bean,  Pea,  &c.  (Fig. 
108-120),  would  seem  to  be  peculiar  organs.  But  in  some  of 
these  cases,  when  they  liave  discharged  this  special  office  in  ger- 
mination, by  yielding  to  the  young  plant  the  store  of  nounshment 
with  which  they  are  laden,  they  imperfectly  assume  the  color  and 
appearance  of  foliage ;  while  in  other  cases,  as  in  the  Convolvulus 
(Fig.  123)  and  the  Maple  (Fig.  104),  they  are  green  and  foliaceous 
from  the  first.  As  the  stem  develops,  the  successive  leaves  vary  in 
fonn  or  size,  according  to  the  var}'ing  vigor  of  vegetation.  In  our 
trees,  we  trace  the  last  leaves  of  the  season  into  bud-scales  ;  and  in 
the  returning  spring  w^e  may  of\en  trace  the  scales  of  opening  buds 
tlux)ugh  intermediate  states  back  again  into  tme  leaves  (161). 

426.  The  analogies  of  vegetation  would  therefore  lead  us  to  ex- 
pect, that  in  flowering  the  leaves  would  be  wrought  into  new  forms, 
to  subserve  peculiar  pui'poses.  In  the  chapter  on  Inflorescence,  we 
have  already  learned  that  the  an-angemcnt  and  situation  of  flowers 
upon  the  stem  confoiin  to  this  idea.  In  tliis  respect,  flowers  are 
absolutely  like  branches.  Tlie  aspect  of  the  floral  envelopes  favors 
the  same  view.  We  plainly  discern  the  leaf  in  the  calyx,  and 
again,  more  delicate  and  refined,  in  the  petals.  In  numberless  in- 
stances, we  find  a  reguliu*  transition  from  ordinaiy  leaves  into  sepals, 
and  from  sepals  into  petals.  And,  while  even  the  petals  are  occa- 
sionally green  and  herbaceous,  the  undoubted  foliage  sometimes 
assumes  a  delicate  texture  and  the  brightest  hues  (425).     The  per- 
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4wt  gradation  of  leavN  or  bracts  info  sepals  is  extremely  common. 
The  transition  of  sepals  into  petaU  is  eiteinplified  in  almost  every 
aiae  where  there  are  more  than  two  rows  of  floral  envelopes  ;  as  in 
tile  Magnolia,  and  especially  in  the  White  Water-Lily,  varioua  kinds 
of  Caclitf,  the  Ulicium,  or  Star-Anise  of  the  Sonthem  Slates,  and 
the  Culyeantlius,  or  Carolina  Allspice,  which  present  several  Ecries 
C>f  floral  envelope^  all  nearly  alike  in  color,  texture,  and  shape  ;  but 
liow  many  of  the  innermost  are  to  be  ciilled  petals,  and  how  the  re- 
imiinder  are  to  be  divided  between  sepals  and  bracts,  is  entirely  a 
nutter  of  arbitrary  opinion.  In  fact,  the  only  real  difference  be- 
iween  tlie  calyx  and  corolla  is,  that  the  former  is  the  outer,  and  tie 
latter  an  inner  series  of  fiorul  envelopes.  Sometimea  the  gradation 
exi«nds  one  step  farther,  and  csliibits  an  erident  transition  of  potala 
Into  tiamens ;  showing  that  those  are  of  the  same  fundamental 
nature  as  the  floral  envelopL')!,  which  arc  manifestly  traceable  back 
to  leaves.  The  White  Water-Lily  {Fig.  344)  exhibits  this  hitter 
Iraosition,  as  evi- 
dently as  it  does 
thai  of  ee{>nls  into 
petals.  Here  the 
peUls  occupy  sev- 
eral whorls ;  and 
vhile  the  exlcrior 
an  nearly  undis-  , 
thignishalile  from 
Uie  tsdyx,  the  in- 
ner are  reduced  in- 
to OTgnns  which  are 
odthcr  well-formed 
peiald  nor  Biamens, 
but  intermediate  be- 
tv«!en  llio  two.  They  arc  merely  petala  of  a  smaller  Bize^  with 
tlielr  »<immits  conlracted  and  transformed  into  imperfect  anther^ 
eootaining  a  few  grains  of  pollen:  those  of  the  series  next  within 
are  more  reduced  in  size,  and  bear  perfect  anthers  at  the  apex ;  mid 
l^MiU  furihiir  reduction  of  lh<;  lower  part  of  the  petal  completes  the 
D  inio  slamcns  of  ordinary  appearance. 
p.  By  regular  gradations,  therefore,  the  leaf  may  be  traced  to 
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tho  petal  and  the  stamen.  But  we  could  not  expect  to  meet  with 
intermediate  states  between  a  stamen  and  a  pistil,  except  as  a  mon- 
strosity. The  same  organ  could  not  fulfil  such  antagonistic  offices. 
Nevertheless,  stamens  changing  into  pistils  are  occasionally  found  in 
monstrous  blossoms.  Gases  of  the-  kind  are  not  very  rare  in  Wil- 
lows, where  anthers  are  found  either  half  changed  or  else  perfectly 
transformed  into  pistils,  and  bearing  ovules  instead  of  pollen.  In 
gardens  some  stamens  of  the  common  Poppy  have  been  found 
changed  into  perfect  pistils,  and  imperfect  attempts  of  tlie  kind  are 
more  frequently  to  be  detected  in  the  large  Oriental  Poppy.  Two 
Apple-trees  in  Ashbui*nliam,  Massachusetts,  have  long  been  known, 
which  annually  produce  flowers  in  which  the  petals  are  replaced  by 
five  small  foliaceous  bodies,  resembling  sepals,  and  in  place  of  sta- 
mens there  are  ten  separate  and  accessory  pistils,  inserted  on  the 
throat  of  the  calyx. 

428.  This  ti*ansformation  of  one  organ  into  another  is  called  met' 
carnorphosis.  Assuming  green  foliage  to  be  the  natural  state  of 
leaves,  the  sepals  and  petals  are  said  to  be  transformed  or  metamor- 
phosed leaves ;  and  the  stamens  and  pistils  are  still  more  metamor- 
phosed, losing  as  they  ordinai*ily  do  all  appearance  of  leaver.  Still, 
if  these  organs  be,  as .  it  were,  leaves  developed  in  peculiar  states, 
under  the  controlling  agency  of  a  power  which  has  overborne  the 
ordinary  forces  of  vegetation,  they  must  always  have  a  tendency  to 

develop  in  their  primitive  fonn,  when  the 
causes  that  govern  the  production  of  blossoms 
are  mterfered  with  dunng  their  formation. 
They  may  then  reverse  the  spell,  and  revert 
into  some  organ  below  them  in  the  series,  as 
from  stamens  into  petals,  or  pass  at  once  into 
the  state  of  ordinaiy  leaves.  That  is,  organs 
which  from  their  position  should  be  stamens 
or  pistils  may  develop  as  petals  or  floral 
leaves,  or  else  may  revert  at  once  to  the  state 
of  ordinaiy  leaves.  Such  cases  of  retrograde 
metamorphosis  frcquently  occur  in  cultivated 
flowers. 

429.  Thus  we  often  meet  with  the  actual  reconversion  of  what 

FIO.  845.    A  small  leaf  In  place  of  a  pistil  from  the  centre  of  a  flower  of  the  doubl*  Chtrty. 
846.  An  organ  interme<Uate  between  a  leaf  and  a  pistil,  from  a  similar  flower.  ^ 

FIG.  817.    Leaflet  of  a  Bryophyllum,  dereloping  buds  along  its  margins. 
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i«W  fie  a  pittil  into  a  leaf  in  the  double  Garden  Cherry,  either 
completely  (Fig,  345),  or  else  incomplelply,  bo  that  the  resuMng 
organ  (as  m  Fig.  34C)  id  something  inteimediate  between  the  two. 
T7i*  change  of  vhaC  tliould  be  giamens  into  pelah  is  of  common  oe- 
currenco  in  what  rk  cnlled  double  and  lemi-double  flowers  of  the 
gnrdens  ;  as  in  Roses,  Camellias,  Caraallonri,  &c.  Wlien  such  flow- 
en  have  many  stamens,  these  disappear  as  the  supenmmerary  petals 
incretise  in  number ;  and  the  variona  bodies  tbut  may  be  often  ob- 
ecrveil,  iulermediale  between  perfect  stamens  (if  any  rcm^n)  and 
Uie  outer  row  of  petals. — from  imperfect  petals,  witli  a  small  lamina 
tapering  into  a  blender  slnlk,  to  those  which  bear  a  small  distorted 
laminn  on  one  side  and  a  lialf-forraed  anther  on  the  other,  —  plainly 
reveal  the  nature  of  tlie  transformation  tliat  has  taken  ptace.  Car- 
ried a  Btep  farllier,  the  pistila  likewise  dL<iappear,  to  be  replaced  by 
a  rosette  of  pelab,  as  in  fully  double  Buttercups. 

430.  In  full  double  Buttercups  we  may  often  notice  a  tendency 
in  the  inner  petals  to  turn 
grven,  that  is,  to  retro- 
grade still  farther  into  foli- 
sceous  organs.  And  there 
is  a  moni'trou^  state  of  the 
Strawberry  blossom,  well 
known  in  Europe,  in  which 
an  the  floral  orgims  revert 
into  green  sepals,  or  imper- 
fect leaves.  Fig.  348  ex- 
Ubila  a  similar  retrograde 
metamorphosis  in  a  flower 
oflhe  White  Clover,  where 
tlio  calji,  pistil,  &C.  are 
■till  recognizable,  although 
partiiUly  transtbrmed  into 
leaves.  And  the  ovary, 
wliJcli  haA  o|)ened  down  on«^ 

aidr,  brnrs  on  each  edge  a  number  of  small  and  imperfect  leaves ; 
nach  as  the  ordinary  leaves,  or  ratlier  leaflets,  of  Brj-ophylliira  are 
apt  to  i]L-t'elop  nidimenlary  tuAs  of  leaves,  or  leaf-buds,  on  tlieir 
nargina  (Fig.  347),  which  may  grow  into  little  plantlets,  by  which 
the  species  is  often  propagated.     This  retrograde  metamori>iiosia  of 

na.au.    AOnasf  tb<icDam<nWbilsClomnT*nlci(to 
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a  whole  blossom  into  foliaccoua  parts  has  been  termed  ehhrotis,  from 
tbe  green  color  lliua  assumed. 

4S1.  A  somewhat  different  proof  that  the  blossom  U  a  sort  of 
branch,  and  iu  parts  leaves,  id  occasionally  furnished  by  monstrous 
Sowcis  in  the  production  of  a  leafy  branch  from  tAe  centre  ofafioteer, 
or  of  one  flower  out  of  the  centre  of  another  (as  rose-buds  out  of 
roses).  Here  the  receptacle  or  nxis  of  the  fiower  resumes  the 
ordinary  vegetative 
growth,  OS  in  Fig. 
349,  350.  In  wet 
and  warm  springs, 
some  of  the  flower- 
buds  of  the  Pear  and 
Apple  are  occasion- 
ally forced  into  vege- 
tation, so  OS  com- 
pletely lo  break  up 
the  flower  and  change 
it  into  an  ordinary 
leafy  branch.  Tliis 
proves  that  the  recep- 
tacle of  a  flower  is  of  the  nature  of  the  slcm. 

432.  An  analogous  kind  of  monstrosity,  viz. 
the  development  of  bud.i  —  either  into  leafy 
branches  or  into  blossoms  (Fig.  351)  —  in  the 
axiU  of  [x-taLs,  or  even  of  stamens  or  pistils,  fur- 
nishes additional  evidence  that  these  bodies  arc  of  the  nature  of 
leaves ;  for,  whatever  bears  a  bud  or 
branch  in  its  axil  must  represent  a  leaf, 

433.  The  irresistible  conclusion  from 
all  such  evidence  is,  tliat  the  flower  is 
one  of  the  forms  —  the  ultimate  form  — 
under  which  branches  appear;  that  the 
leaves  of  llio  stem,  the  leaves  or  petals 
of  the  flower,  and  even  the  stamens 
and  pistils,  are  nil  forms  of  a    common 


3M.  A  monrtmn  par,  prelongiKllDtoilwfy  branch: 
S&l.  A  Bower  of  FiIh  BItLcnwHt  (Celutnii  MudcDi; 
Is  D(  IIh  paUli  1  rmn  Turpln. 
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type,  onlj  differing  in  their  special  development.  And  it  may 
be  added,  that  in  an  early  stage  of  development  they  all  appear 
nearly  alike.  That  which,  under  the  ordinary  laws  of  vegetation, 
would  have  developed  as  a  leafy  branch,  here  developes  as  a  flower ; 
its  several  organs  appearing  under  forms,  some  of  them  slightly,  and 
others  extremely,  different  in  aspect  and  in  office  from  tlie  foliage. 
But  they  all  have  a  common  nature  and  a  common  origin,  or,  in 
other  words,  arc  homologous  parts  (424). 

434.  Now,  as  we  have  no  general  name  to  comprehend  all  those 
organs  which,  as  foliage,  bud-scales,  bracts,  sepals,  petals,  stamens, 
&c.,  successively  spring  from  the  ascending  axis  or  stem,  having  ascer- 
tained their  essential  identity,  wo  naturally  take  some  one  of  them 
as  tlie  type^  and  view  the  others  as  modifications  or  metamorphoses 
of  it.  Tlie  leaf  is  the  form  which  earliest  appears,  and  is  the  most 
general  of  all  the  organs  of  the  vegetable ;  it  is  the  form  which  is 
indispensable  to  normal  vegetation,  since  in  it,  as  we  have  seen,  as- 
similation is  effected,  and  all  organic  matter  is  produced ;  it  is  the 
form  into  which  all  the  floral  organs  may  sometimes  be  traced  back 
by  numerous  gradations,  and  to  which  they  are  liable  to  revert  when 
flowering  is  disturbed  and  the  vegetative  forces  again  prevail. 
Hence  the  leaf  may  be  properly  assumed  as  the  type  or  pattern,  to 
which  all  the  others  are  to  be  referred.  When,  therefore,  the  floral 
organs  are  called  modified  or  metamorphosed  leaves,  it  is  not  to  be 
supposed  that  a  petal  has  ever  actually  been  a  green  leaf,  and  has 
subsequently  assumed  a  more  delicate  texture  and  hue,  or  tliat  sta- 
mens and  pistils  have  previously  existed  in  the  state  of  foliage  ;  but. 
only  that  what  is  fundamentally  one  and  the  same  organ  develops, 
in  the  progressive  evolution  of  the  plant,  under  each  or  any  of 
these  various  forms.  When  the  individual  organ  has  developed,  its 
destiny  is  fixed. 

435.  Tlie  theory  of  vegetable  morphology  may  be  expressed  in 
other  and  more  hypothetical  or  transcendental  forms.  We  have 
preferred  to  enunciate  it  in  the  simplest  and  most  general  terms. 
But,  under  whatever  particular  formula  expressed,  its  adoption  has 
not  only  greatly  simplifled,  but  has  thrown  a  flood  of  light  over  the 
whole  of  Structural  Botany,  and  has  consequently  placed  the  whole 
logic  of  Systematic  Botany  \\\)Qn  a  new  and  philosophical  basis. 
Our  restricted  limits  will  not  allow  us  to  trace  its  historical  develop- 
ment. Suflice  it  to  say,  tliat  the  idea  of  the  essential  identity  of  the 
floral  organs  and  the  leaves  was   distinctly  propounded  by  Lin- 
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nteus,*  about  the  middle  of  the  last  century.  It  was  newly  taiigli^ 
by  Caspar  Frederic  Wolff,  about  twenty  years  later,  and  again,  after 
the  lapse  of  nearly  twenty  years  more,  by  the  celebrated  Goethe, 
who  was  entirely  ignorant,  as  were  his  scientific  contemporaries,  of 
what  Linnaeus  and  Wolff  had  written  on  the  subject.  Groethe's 
curious  and  really  scientific  treatise  was  as  completely  forgotten  or 
overlooked  as  the  significant  hints  of  Linnasus  had  been.  In  ad- 
vance of  the  science  of  the  day,  and  more  or  less  encumbered  with 
h3rpothetical  speculations,  none  of  these  writings  appear  to  have  ex- 
erted any  appreciable  influence  over  the  progress  of  the  science, 
until  it  had  reached  a  point,  early  in  the  present  century,  when  the 
nearly  simultaneous  generalizations  of  several  botanists,  following 
different  clews,  were  leading  to  the  same  conclusions.  Ignorant  of 
the  ^vritings  of  Groethe  and  Wolff,  De  Candolle  was  the  first  to  de- 
velop, from  an  independent  and  original  point  of  view,  the  idea  of 
symmetry  in  the  flower ;  that  the  plan,  or  type,  of  the  blossom  is 
regular  and  sjrmmetrical,  but  that  this  symmetry  is  more  or  less  in- 
terfered with,  modified,  or  disguised  by  secondary  influences,  such  as 
suppressions,  alterations,  or  irregularities,  giving  rise  to  the  greatest 
diversity  of  forms.  The  reason  of  tlie  prevailing  symmetrical  ar- 
rangement of  parts  in  the  blossom  has  only  recently  been  made 
apparent,  in  the  investigation  of  phyllotaxis  (236)  ;  from  which  it 
appears  that  the  general  arrangement  of  the  leaves  upon  the  stem 
is  carried  out  in  the  flower. 


Sect.  III.    The  Symmetry  of  the  Flower. 

436.  A  Symmetrical  Flower  is  one  which  has  an  equal  number  of 
parts  in  each  circle  or  whorl  of  organs ;  as,  for  example,  in  Fig. 
334,  whei*e  there  are  five  sepals,  five  petals,  five  stamens,  and  ^ye 
pistils.  It  is  not  less  symmetncal,  although  less  simple,  when  there 
are  two  or  more  circles  of  the  same  kind  of  organ ;  as  in  Sedum 
(Fig.  361),  where  there  are  two  sets  of  stamens,  five  in  each ;  in 
the  Barberry,  where  there  are  two  or  more  sets  of  sepals,  two  of 
petals,  and  two  of  stamens,  tlirec  in  each  set,  &c    A  complete  jlower 


*  "Principium  flonim  etfollorum  idem  est.  Principium  gemmaram  et  folio- 
mm  idem  est  Gemma  constat  foliorum  radimcntis.  Pcrianthium  sit  ex  oon- 
uatis  foliorom  radimcntis,"  etc.    Philosophia  Botanica,  p.  301. 
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(as  already  defined,  416)  is  one  that  possesses  both  sorts  of  florid 
eoTelopes,  calyx  and  corolla,  and  boUi  essential  organs,  \iz.  stamens 
and  pistils. 

437.  The  simplest  possible  complete  and 
symmetrical  flower  would  be  one  'with  the  ca- 
lyx of  a  single  sepal,  a  corolla  of  a  single  petal, 
a  single  stamen,  and  a  single  pistil ;  as  in  the 
annexed  diagram  (Fig.  352),  which  represents 
the  elements  of  a  simple  stem  (Fig.  157),  ter- 
minated by  an  equally  simple  flower.  Each 
constituent  of  the  blossom  represents  a  phyton 
(1G3),  with  its  stem  part  reduced  to  a  mini- 
mum, and  its  leaf  part  developed  in  a  peculiar 
way,  according  to  the  rank  it  sustains  and  the 
office  it  is  to  fulfil.  That  there  are  short  inter- 
nodes  between  consecutive  organs  in  the  flower 
is  usually  apparent  on  minute  inspection  of  its 
axis,  or  receptacle ;  and  some  of  them  are  con- 
spicuously prolonged  in  certain  cases.  But 
they  are  conunonly  so  short  that  the  organs 
are  brought  into  juxtaposition,  just  as  in  a  leaf- 
bud,  and  the  higher  or  later-formed  parts  are 
interior  or  enclosed  by  the  lower. 

438.  Perhaps  the  exact  case  of  a  flower  at 
once  so  complete  and  so  simple  is  not  to  be  met 
with,  the  organs  of  the  flower,  or  some  of 
them,  being  generally  multiplied.  Tims  we 
find  a  circle  or  w^horl  of  each  kind  of  organ, 
and  often  two  or  three  circles,  or  a  still  larger 
and  apparently  indefinite  number  of  parts.  In 
fact,  the  floral  organs  usually  occur  in  twos, 
threes,  fours,  or  fives ;  and  the  same  number 
IS  apt  to  prevail  throughout  the  several  circles 
of  the  flower,  which  therefore  di.splays  a  sym-  *** 
metrical  arrangement,  or  a  manifest  tendency  towards  it.* 

•  Terms  cxprcMivo  of  the  numl»cr  of  parts  which  compose  each  whorl  or 
kind  of  oipm  —  which  are  sometimes  very  coDvcDiont  to  aso  —  are  formed  of 

FIO.  863     Dbgnm  of  %  plants  with  %  dlstichocu  amngement  of  the  phjioo^,  carried 
the  complete  flower,  of  the  ibnpleet  kind,  consisting  of,  a,  a  aepal ;  6,  a  petal ;  c,  a 
;  and  tf,  a  pistil :  ir  is  the  bract  or  uppermost  proper  kafl 

20* 
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439.  Having  already  noticed  the  63rmmetr]cal  arrangement  of  tlie 
foliage  (236  -  251),  and  remarked  the  transition  of  ordinaxy  leare^ 

into  those  of  the  blossom 
(426),  we  naturally  seek 
to  bring  the  two  under 
the  same  general  laws, 
and  look  upon  each  floral 
whorl  OS  answering  ei- 
ther to  a  cycle  of  alter- 
nate leaves  with  their 
respective  intemodes  undeveloped, 
or  to  a  pair  or  verticil  of  opposite 
or  verticillate  leaves.  Tlius,  the  simplest  com- 
bination, where  the  organs  are  dimerous^  or  in 
twos,  may  be  compared  with  the  alternate  two- 
ranked  arrjingement  (238),  the  calyx,  the  corolla, 
stamens,  &c^  each  consisting  of  one  cycle  of  two 
elements ;  or  else  with  the  case  of  opposite  leaves 
(250),  when  each  set  would  answer  to  a  pjur  of 
leaves.  So,  likewise,  the  organs  of  a  trimerous 
flower  (viz.  one  with  its  parts  in  tlirees,  as  in  Fig. 
353)  may  be  taken  either  as  cycles  of  alternate 
leaves  of  the  tristichous  mode  (239),  with  the  axis 
shortened,  which  would  throw  the  parts  into  successive  whorls  of 
threes,  or  cL>(j  as  proper  verticils  of  three  leaves  ;  wliile  those  of  a 
pentamerous  or  quinary  flower  (with  the  parts  in  flves,  as  in  Fig.  354) 
would  answer  to  the  cycles  of  the  f  arrangement  (240)  of  alternate 
leaves,  or  to  proper  five-leaved  verticils.  So  the  whorls  of  a  tetra- 
merous  flower  are  to  be  compared  with  the  case  of  decussating  op- 


the  Greek  numerals  coml)ined  with  fif  pop,  a  part.  Thus  a  flower  with  only  one 
organ  of  each  kind,  as  in  the  diagram,  Fig.  352,  is  monomrrous ;  a  flower  or  a 
whorl  of  two  organs  is  dimerous  (Fig.  373) ;  of  three  (as  in  Fig.  353),  tn'merous; 
of  four,  tctramcrous  (Fig.  405) ;  of  five  (as  in  Fig.  334),  pentamerous ;  of  six,  hex- 
amerous ;  of  ten,  decamerous,  &c.  These  words  are  often  printed  with  figures,  as 
2-merous,  3-merous,  A-merous,  b-merouSf  and  so  on. 

¥10.  2S3.  Partfl  of  a  symmotrlcal  trimeroas  flowct  (Tilliea  muscosa) :  a,  ealjx ;  6,  coroUa ; 
Cf  stammis ;  <f,  pistils. 

FIO.  851.  Ideal  plan  of  a  plant,  with  the  rimple  utom  terminated  bj  a  sjmmetrical  penta- 
meroos  flower ;  the  diflercnt  Kts  of  organs  separated  to  some  distance  from  each  other,  to  show 
the  xelatire  situation  of  the  parts ;  one  of  each,  namely,  a,  a  sepal,  6,  a  petal,  c,  a  stamen,  and 
df  a  pbtil,  also  shown,  enlarged. 
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poi«  harts,  combined  two  by  two,  or  with  quaternary  vertieiilato 
Jbim  (2JI)  ;  eillier  of  which  would  give  sets  of  parts  in  fours. 

no.  the  Alteraalian  of  the  Floral  O^ans,    Wc  lenm  from  obser- 

niioo  tlul,  Bd  a  geiiemi  rule,  the  parts  of  the  Eucu.'3aive  circles  of 

in  ftwer  aliemnle   with  each  other.    The  fire 

fiitli  of  the  flower  represented  in  Fig.  334,  for  ox- 

nple,  ue  not  opposed  to  the  five  sepals  (Uiat  is, 

liliMted  directly  above  or  before  them),  but  edter- 

naU  with  ibem,  tliat  is,  or  stand  over  the  inlervaU 

bcnroui  them;  the  five  stnmona  in  like  manner  al- 

tcntte  with  tJie  petals,  and  tlic  five  pistib  with  the  ^ 

ttntras,  as  i^  ebown  in  the  diagram,  Fig.  333.     Tho  same  is  the 

SM  b  Fig.  353,  the  several  organs  of  a  flower  with  its  parts  in 

tluves ;  and  in  fact  this  is  the  rule,  the  few  exceptions  to  which 

bn  to  bo  separately  accounted  for. 

MI.  This  comports  with  the  more  tiaual  phyllotaxis  in  opposite 

nd  teniciJlntc  leaves,  where  the  successive  pairs  decussate,  or  cross 

(Khoihcr  at  right  angles  (251),  or  the  leaves  of  one  verticil  several- 

to  tlie  intervals  of  that  underneath,  making  twice  as 

ranks  as  there  arc  parts  in  the  whorL     The  alternation 

gans  is  therefore  most  readily  explained  on  the  assump- 

tfae  several  circles  are  true  decussating  verticils.    But  llie 

flower-bud  with  the  parts  imbricated  in  estivation 

|1M)  ibons  that  the  several  roembcra  of  tlie  same  set  do  not  origi- 

m»  exactly  in  the  same  plane.     The  five  petals,  for  example,  in 

tta  cnsfr«eclion  of  the  penljunerous  blossom  shown  in  Fig.  335  (and 

dfenme  arrangement  is  still  more  fi-cquenlly  seen  in  the  calyx), 

flltuated,  that  two  are  exterior  in  the  bud,  mid  therefore  in* 

ho  axis  tlian  the  rest,  the  third  is  intermediate,  and 

ilirely  interior,  or  inserted  higher  limn  the  rest     In 

J  exactly  correspond  with  a  cycle  of  allcmaie  leaves  of  the 

>r  five-ranked  arrangement,  on  an  extremely  nhbreviatcd 

uisw  on  a  horizontal  plane,  as  is  at  once  seen  by  comparing  tlic 

[   imnd  plan.  Fig.  335,  with  Fig.  206.     Compare  abo  Fig.  355  with 

I^  SW.    Also,  when  the  parts  are  in  fours,  two  aie  ahnost  always 

*>krior  in  the  bud,  and  two  interior.     Moreover,  whenever  the 

fcnl  Birclopcs,  or  the  stamens  or  pistils,  aVe  more  numerous,  fo  as 

'  Uotcspy  sevcml  rows,  the  F^pirtd  dispo-^ition  is  the  more  manifest. 

I   II  u  tsoit  natural,  accordingly,  to  assume  that  Uie  c:dyx.  corolla, 

n  of  tl»  ainr«.biiil  oT  7\t.  St3,  M  •!»' 
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Stamens,  &c  of  a  pentamerous  flower  are  each  a  depressed  spiral  or 
cycle  of  the  f  mode  of  phyllotaxis,  and  those  of  the  trimerous  flower 
are  similar  spirals  of  the  i  mode.  But  then  the  parts  of  the  sa> 
cessive  cycles  should  be  superposed,  or  placed  directly  before  eadi 
other  on  the  depressed  axis,  as  leaves  are ;  whereas, 'on  the  contraryi 
they  almost  always  alternate  with  each  other  in  the  flower. 

442.  To  reconcile  this  alternation  with  the  laws  of  phyllotaxis  in 
alternate  leaves,  Prof.  Adricn  de  Jussieu  has  advanced  an  ingenious 
hypothesis.  He  assumes  the  f^  spiral  arrangement  as  the  basis  of 
the  floral  structure  both  of  the  trimerous  and  pentamerous  flower, 
(at  least  when  the  envelopes  are  imbricated  in  the  bud,)  this  being 
the  one  that  brings  the  successive  parts  most  nearly  into  altematioOi 
either  in  threes  or  in  fives ;  as  will  readily  be  observed  on  inspection 
of  the  tabular  projection  of  that  mode,  given  on  page  139.  The  dif- 
ference between  the  position  of  parts  in  regular  alternation,  whether 
in  threes  or  fives,  and  that  assigned  by  an  accurate  spiral  projecti(m 
of  the  ■j'^  mode,  is  very  slight  as  respects  most  of  the  organs,  and  in 
none  does  tlie  deviation  exceed  one  thirteenth  of  the  circumference ; 
—  a  quantity  wliich  becomes  nearly  insignificant  on  an  axis  so  small 
as  that  of  most  flowers.  Moreover,  if  the  interior  organs  of  a  regular 
and  symmetrical  flower  were  thus  to  originate  in  the  bud  nearly  in 
alternation  with  those  that  precede  them,  they  would  almost  necessa- 
rily be  crowded  a  little,  as  they  develop,  into  the  position  of  least  pres- 
sure, and  thus  fall  into  these  intervals  with  all  the  exactness  that  is 
actually  found  in  nature.  For  in  living  bodies,  endowed  as  they  are 
with  plasticity  mid  a  certain  power  of  adaptation  to  circumstances, 
the  positions  assumed  are  not  mathematically  accurate;  and  the 
effect  of  unequal  pressure  in  the  bud  in  thro>dng  the  smaller  parts 
more  or  less  out  of  their  normal  position  may  be  observed  in  almost 
any  irregular  flower.  Moreover,  in  all  the  forms  of  phyllotaxis 
from  i^f  onwards,  it  is  doubtful  whether  what  we  term  vertical  ranks 
are  exactly  superposed.  In  tracing  them  upw^ard  to  some  extent, 
we  perceive  indications  of  a  curviserial  arrangement,  where  the 
supei'position  is  continually  approximated,  but  is  never  exactly  at- 
tained (248).  LestibudoLs*  has  revived  the  older  hypothesis  of 
Jussieu,  and  others  ;  viz.  that  a  second  spiral  is  introduced  with  the 
petals  and  continued  in  the  pistils.  And  Schimper  and  Braun  im- 
agine a  change  of  half  the  angular  divergence  {prosenthesis)  to  occur 

*  In  Annales  des  Sciences  Naturdles,  scr.  4,  Vol.  2,  p.  226. 
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fn  passing  from  one  cycle  to  llie  next ;  —  wliich  U  rather  describiDg 
tbiB  aoomaly  in  other  words  than  explaining  it. 

443.  Wlieiber  we  regai-d  (he  floral  circks  as  decussating  verticils, 
or  »  eycles  of  nltemalo  leaves  in  some  way  altered  as  to  their  suc- 
ceukm,  \vc  cannot  fail  to  discern  an  end  attained  by  such  arrangc- 
RKiit,  namely,  a  disposition  of  pnila  wliieh  secures  the  grealeet  econ- 
omy of  space  on  au  ahbrcviateU  axis,  and  the  greatest  freedom  from 
Wil'^^'l  pressure. 

444.  Poiition  at  the  Flower  ai  respects  the  Aiis  anil  inbtending  Bract. 
AH  sxillnry  flowera  arc  siluaiod  hetnccn  a  leaf  and  the  stem,  or, 
trhldi  U  the  eume  thing,  between  a  bi-act  and  the  axis  of  iiiflorea- 
eeace.  Tlicse  two  fixed  points  enable  us  to  indicate  the  relative 
pOiilkHi  of  the  partd  of  tlio  tlornl  circles  with  precision.  That  part 
of  Ihe  flower  wbieli  lies  next  tlie  leaf  or  bract  fi-ora  whose  axil  it 
■nsea  ia  s^d  to  be  anterior,  or  inferior  (lower)  :  that  which  is  dia- 
iDfirW'y  opposite  or  next  tlie  axis  is  poiterior,  or  superior  (upper).* 


It  ta  Important  to  notice  the  relative  position  of  parts  in  this  re- 
wpeA  Tilts  is  shown  in  a  proper  diagram  by  drawing  a  section 
^  the  bract  in  ild  true  position  under  the  seclion  of  the  flower- 
ted,  BS  in  Fig.  358  :  the  position  of  the  axis  ia  necessarily  dia- 
netrically  oppo^iic,  and  ila  section  is  sometimes  indicated  by  a  dot 
m  HB«U  circle.     In  an  axillary  flower  with  the  parts  in  fours,  one  of 


•A*  if  ihcM  -were  not  terms  cnongl],  Boioptimcs  the  oi^n,  or  sido  of  tho 
bver,  which  looks  toirarda  the  bract,  is  likewise  called  exterior,  und  thu  organ 
V  Md  neu  ibo  axil,  inlaior ;  bot  (bven  terras  shoald  be  kept  to  dctigaoto  ilio 
riiti**  poailioa  of  ibe  memben  of  the  floml  circles  in  icstiv'atioD  (494). 


m.  SU  DisfTUB  c/k  CnHURou  Htm 
taMliabaflmiB  thli,  uin  Dxot  pluti  c 
nOo  ST.    t)t*(niD  uf  •  Baim  of  >  lUi 


r  (EiT.il, 


) ;  a,  Um  uU  of  iQaonmocv.    (Tlu 


I  Ehui,  wllh  tlu  uii,  a,  iml  (b*  brut,  b,  M  (liov  tlJ 
IS  PuIh  Ulbe :  0,  tha  luUi,  uj  J  I.,  Ui«  bnM. 
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the  sepals  will  bo  anterior,  one  posterior,  and  two  lateral,  or  rig^t 
and  left ;  as  in  the  annexed  diagram  of  a  Cruciferous  blossom  (Fig. 
356)  ;  wliile  the  petals,  alternating  with  tlie  sepals,  consist  of  an 
anterior  and  a  posterior  pair ;  and  the  stamens,  again,  stand  before 
the  sepals.  An  axillary  flower  of  five  parts  will  have  either  one 
sepal  superior  or  posterior  and  two  inferior  or  anterior  (as  in  Rlius, 
Fig.  357),  or  else,  tnce  versa,  one  inferior  and  two  superior,  as  in 
Papilionaceous  flowci-s  (Fig.  358) :  in  both  cases  the  two  remaining 
sepals  ai'e  lateral.  The  petals  will  consequently  stand  one  superior, 
two  inferior,  and  two  lateral,  in  the  last-named  case;  and  one  in- 
ferior, two  superior,  and  two  lateral,  in  the  former.  In  terminal 
flowers  (401),  the  position  of  parts  in  respect  to  the  uppermost 
leaves  or  bracts  should  be  noted. 


Sect.  IV.    The  Various  Modifications  op  the  Flower. 

445.  The  complete  and  symmetrical  flowers,  with  all  their  organs 
in  the  most  normal  state,  that  have  now  been  considered,  will  serve 
as  the  t^-pe  or  pattern,  with  which  we  may  compare  the  almost  num- 
berless variety  of  forms  which  blossoms  exhibit,  and  note  the  char^ 
acter  of  the  differences  obscnxd.  We  proceed  upon  the  supposi- 
tion, that  all  flowers  arc  fonned  upon  a  common  plan,  —  a  plan 
essentially  the  same  as  that  of  the  stem  or  branch,  of  which  the 
flower  is  a  modified  continuation,  —  so  that  in  the  flower  we  are  to 
expect  no  organs  other  than  those  that,  whatever  their  form  and 
office,  answer  either  to  the  axis  or  to  the  leaves  ;  so  that  the  differ- 
ences between  one  flower  and  another  are  to  be  explained  as  cir- 
cumstantial variations  of  one  fundamental  plan,  —  variations  for  the 
most  part  analogous  to  those  which  occur  in  the  organs  of  vegeta- 
tion themselves.  Having  assumed  the  type  which  represents  our 
conception  of  the  most  complete,  and  at  the  same  time  the  simplest 
flower,  we  apply  it  to  all  the  cases  which  present  themselves,  and 
especially  to  those  blossoms  in  which  the  structure  and  s}Tiimetry 
are  masked  or  obscured ;  where,  like  the  disenchanting  spear  of 
Ithuriel,  its  application  at  once  reveals  the  real  character  of  the  most 
disguised  and  complicated  forms  of  stnicture. 

446.  Our  pattern  flower  consists  of  four  circles,  one  of  each  kind  of 
floral  organ,  and  of  an  equal  number  of  parU?,  successively  alternate 
ing  with  one  another.     It  is  complete,  having  both  calyx  and  coroUa, 
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as  well  as  stamens  and  pistils  (416)  ;  tymmetricalj  having  an  equal 
number  of  parts  in  the  successive  whorls  (436)  ;  regtdary  in  liaving 
the  different  members  of  each  circle  all  alike  in  size  and  shape ;  it 
has  but  one  circle  of  the  same  kind  of  organs ;  and,  moreover,  all  the 
parts  are  distinct  or  unconnected,  so  as  to  exhibit  their  separate 
origin  from  the  axis  or  receptacle  of  the  flower.  This  type  may  be 
presented  under  either  of  the  four  numerical  forms  which  have  been 
illustrated.  That  is,  its  circles  may  consist  of  parts  in  twos  (when 
it  is  binary  or  dimerous),  threes  (ternary  or  tntnerotis),  fours  (qua- 
ternary  or  tetramerous),  or  fives  (quinary  or  pentatnerous).  The 
first  of  these  is  the  least  common ;  the  trimerous  and  the  pentame- 
rous  far  the  most  so.  The  last  is  restricted  to  Dicotyledonous  plants, 
where  &ve  is  the  prevailing  number;  while  the  trimerous  flower 
largely  prevails  in  Monocotyledonous  plants,  although  by  no  means 
wanting  in  the  Dicotyledonous  class,  from  which  Fig.  353  is  taken. 

447.  The  principal  deviations  from  the  perfectly  normal  or 
pattern  flower  may  be  classified  as  follows.  Tliey  arise,  either 
from, — 

1st.  The  production  of  additional  circles  of  one  or  more  of  the 
floral  organs  (regxdar  multiplication  or  augmentation)  ; 

2d.  The  production  of  a  pair  or  a  cluster  of  organs  where  there 
should  normally  be  but  one,  that  is,  the  multiplication  of  an  organ 
by  division  (ahnormal  multiplication,  also  termed  deduplication  or 
ekarisii)  ; 

dd.  The  anteposition  (or  opposition,  instead  of  alternation)  of  the 
ports  of  successive  circles ; 

4th.  The  union  of  the  members  of  the  same  circle  (coalescence)  ; 

5th.  The  union  of  adjacent  parts  of  different  circles  (adnation)  ; 

6th.  The  unequal  growtli  or  unequal  union  of  different  parts  of 
the  same  circle  (irregularity)  ;  or, 

7tL  The  non-production  or  abortion  of  some  parts  of  a  circle,  or 
of  one  or  more  complete  circles  (sujyjyression  or  abortion), 

8th.  To  which  may  be  added,  tlic  abnormal  development  of  the 
receptacle  or  axis  of  the  flower. 

448.  Some  of  these  deviations  interfere  with  the  symmetrical 
stracture  of  the  flower ;  others  merely  render  it  irregular,  or  dis- 
guise the  real  origin  or  the  real  number  of  parts.  These  deviations, 
moreover,  are  seldom  single ;  but  two,  three,  or  more  of  the  kinds  fre- 
quently co-exist,  so  as  to  realize  almost  every  conceivable  variation. 

449.  Several  of  these  kinds  of  deviation  may  oflen  be  observed 
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even  in  the  same  natural  family  of  plants,  where  it  cannot  be  doabt- 
ed  tliat  the  blossoms  are  constructed  upon  a  common  plan  in  aQ  the 
species.    Even  in  the  family  Crassulacese,  for  example,  where  the 

flowers  are  remarkably  symmetrical,  and  from 
^  which  our  pattern  flowers,  Fig.  334  and  853, 

are  derived,  a  considerable  number  of  these  di- 
versities arc  to  be  met  with.  In  Crassula,  we 
have  the  completely  symmetrical  and  simple 
pentamerous  flower  (Fig.  359,  360),  viz.  with  a 
calyx  of  five  sepals,  a  corolla  of  five  petals  alter- 
nate with  the  former,  an  androecium  (418)  of 
five  stamens  alternating  with  the  petals,  and  a 
gynaecium  (419)  of  five  pistils,  which  are  alter- 
nate with  the  stamens ;  and  all  the  parts  are 
regular  and  symmetrical,  and  also  distinct  and 
free  from  each  other ;  except  that  the  sepals  are 
somewhat  united  at  the  base,  and  the  petals  and 
860  stamens  slightly  connected  with  the  inside  of  the 

calyx,  instead  of  arising  directly  from  the  recep- 
tacle or  axis,  just  beneath  the  pistils.  Five  is  the  prevailing  or 
normal  number  in  this  family.  Nevertheless,  in  the  related  genus 
Tilloea,  most  of  the  species,  like  ours  of  the  United  States,  have 
their  parts  in  fours,  but  are  otherwise  similar,  and  one  conmion 
European  species  has  its  parts  in  threes  (Fig.  353)  ;  that  is,  one  or 
two  members  are  left  out  of  each  circle,  which  of  course  does  not  in- 
terfere with  the  symmetry  of  tlic  blossom.  So  in  the  more  conspic- 
uous genus  Sedum  (the  Stonecrop,  Live-for-ever,  Orpine,  &c.),  some 
species  have  their  paiis  in  fives ;  others 
in  fours ;  and  several,  like  our  S.  ter- 
natum,  have  those  of  the  first  blossom 
in  fives,  but  all  the  rest  in  fours.  But 
Sedum  also  illustrates  the  case  of  reg- 
ular augmentation  (447, 1st)  in  its  an- 
drcecium,  which  consists  of  twice  as 
many  stamens  as  there  are  members 
in  the  other  parts ;  that  is,  an  addi- 
tional circle  of  stamens  is  introduced  (Fig.  361),  the  members  of 
which  may  be  distinguished  by  being  shorter  or  a  little  later  than 

FIO.  859.    FlowerofaCrunila.    860.  Crofls-seeaon  of  the  bwL 
FIG.  d6L    Flower  of  a  Sedum  or  Stonecrop. 


861 
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primary  circle,  ami  by  their  Hliemnlion  with  these, 
«rhicli  brings  them  dircclly  opixisitc  ihe  pclal-i.  A.  tliird  gonus 
(Boche-n)  exiiibits  the  wiine  pentamerous  and  nonnal  flower  as  Crns- 
mk.  except  tliat  the  contiguous  edges  of  the  petids  elighlly  cohere 
about  linif  their  length,  ahliough  a  little  foi-ce  suffices  to  separaio 
Ihemi  in  another  (Grammonthc^,  Fig.  362),  the  pcinls  nre  firmly 
mdted  inio  B  tube  for  more  timn  hiklf  tlieir  length,  and  so  are  the 
■efnb  likewise;  iUujtmling  tlic  fourth  of  the  deviations  above 
Ctuoneraled  (447).  Next,  the  allied  genua  Cotyledon  (Fig.  363) 
CxhilHts  in  Ihe  same  flower  l)oth  this  conlescenco  of  similar  pnrts, 
and  an  additional  rirek  of  slamenx,  as  in  Sedum.  It  likewise  pre- 
aenb  lUe  next  order  of  devialions,  in  the  union  (adiiation)  of  tlie 
imse  of  its  stamens  to  the  base  of  the  corolla,  out  of  which  they  ap- 
|Mr«ntly  arise,  as  is  seen  in  Fig.  364,  where  the  corolla  is  kid  open 
■nd  displayed.  The  pistil',  although  ordinarily  exiiibiling  a  strong 
lendimry  to  unite,  are  perfectly  distinct  in  all  these  cases,  and  in- 
deed throughout  the  order,  with  two  exceptions ;  one  of  which  U 
Ken  in  Penlhorum,  where  the  five  ovaries  (Fig.  36A)  are  united 
below  into  a  ralid  body,  wliile  their  summits,  as  well  as  the  styles, 
-tn  separate.  The  same  plant  also  furnishes  an  example  of  the  non- 
jndnction  (or  sttpprtuion)  of  one  ^et  of  organs,  tliat  of  the  petals  i 

vUidi,  although  said  lo  exist  in  some  ajiecimens,  are  ordinarily  want- 
'iog  alu^clher.     Anorher  instance  of  increase  in  llio  number  of  parts 

worn  in  the  Ilouseleek  (.Sempcn-ivum),  in  which  the  sepab,  petals, 

and  pistils  vary  in  dilTereiit  s|iccics  from  six  to  twenty,  and  the  sta- 

iB«tu  from  twelve  to  forty. 


Some  iUtistnitiona  of  iho  principal  diversities  of  the  flower, 
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as  classified  above  (447),  may  be  drawn  at  random  from  difierent 
families  of  plants  ;  and  most  of  the  technical  terms  necessarily  em- 
ployed in  describing  these  modifications  may  be  introduced,  and 
explained,  as  we  proceed.  The  multiplication  of  parts  is  usually  in 
consequence  of  the 

451.  ADgmentatlon  of  the  Floral  Cireles.  An  increased  number  of 
circles  or  parts  of  all  the  floral  organs  occurs  in  the  Magnolia 
family ;  where  the  floral  envelopes  occupy  three  or  four  rows,  of 
three  leaves  in  each,  to  be  divided  between  the  calyx  and  coroUa, 
while  the  stamens  and  pistils  are  very  numerous,  and  compactly 
arranged  on  the  elongated  receptacle.  Tlie  Custard-Apple  family, 
which  is  much  like  the  last,  has  also  two  circles  in  the  corolla,  three 
petals  in  each,  a  great  increase  in  the  number  of  stamens,  and,  in 
our  Papaw  (Fig.  654),  sometimes  only  one  circle  of  pistils,  vii. 
three,  sometimes  twice,  thrice;  or  as  many  as  five  times  that  numlier. 
The  Water-Lily,  likewise,  has  all  its  parts  augmented,  the  floral 
envelopes  and  the  stamens  especially  occupying  a  great  number  of 
raws ;  and  the  pistils  are  likewise  numerous,  although  their  number 
is  disguised  by  being  united  into  one  body.  When  the  sepals,  petals, 
or  other  parts  of  the  flower  are  too  numerous  to  be  readily  counted, 
or  even  exceed  twelve,  especially  when  the  number  is  inconstant,  as 
it  commonly  is  in  such  cases,  they  are  said  to  be  indefinite;  and 
a  flower  with  numerous  stamens  is  also  termed  polyandrous. 

452.  When  such  multiplication  of  the  floral  circles  is  perfectly 
regular,  the  number  of  the  organs  so  increased  is  a  multiple  of  tliat 
wliicli  forms  the  Ldsis  of  the  flower  ;  but  this  could  scarcely  be  de- 
termined when  the  numbers  arc  larg(»,  as  in  the  stamens  of  a  Butter- 
cup, for  example,  nor  is  there  much  constancy  when  the  whorls  of 
any  orgjm  exceed  three  or  four.  The  doubling  or  trebling  of  any 
or  all  the  floral  circles  docs  not  interfere  with  the  symmetry  of  the 
flower ;  but  it  may  obscure  it  (in  the  stamens  and  pistils  especially), 
by  the  crowding  of  two  or  more  circles  of  five  members  into  what 
api>ears  like  one  often,  or  two  trimerous  circles  into  what  appears 
like  one  of  six.     The  latter  case  occurs  in  most  Endogenous  plants. 

453.  The  production  of  additional  flond  circles  may  account  for 
most  cases  of  increase  of  the  normal  number  of  organs,  but  not  for 
all  of  them.  It  must,  we  think,  be  admitted  that  certain  parts  of  the 
blossom  are  sometimes  increased  in  number  by  the  production  of  a 
douUe  organ,  or  a  pair  or  a  group  of  organs  which  occupy  the  place 
of  one  ;  namely,  by  what  has  been  termed 
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Hi.  Cborilil  or  MupllcatJon.  The  narao  dcdouMement  of  Diinal, 
wUi-h  luu  U'c-it  inin^lalcJ  dtduplication,  literally  meatu  vnJiniug ; 
tl«tiriginnl  hypoiheiii^  being,  that  llie  orgnna  in  (jue^tiun  tinllne,  or 
laid  to  Mjwnitc  into  two  or  more  layers  eafh  hnving  the  same 
anKtuK.  We  may  emjiloy  tlie  word  dedupUcation,  in  the  sense 
flf  the  doubling  or  miilti plication  of  the  number  of  parts,  williout 
dopdng  lliis  hypothesis  as  to  the  nature  of  the  process,  which  at 
hoL  can  well  apply  only  to  some  spcciid  cases.  The  woi-d  efiorisit 
{fifini,  the  act  or  state  of  reparation  or  mulliplicnlion),  also  pro- 
fewd  hy  Dutml,  does  not  involve  any  such  assumption,  and  is  ac- 
ndingly  lo  be  prefeired.  By  regular  niiiltiplicalion,  therefore,  wo 
waa  the  nugmentation  of  the  number  of  organs  through  the  de- 
TdofCDciit  of  additional  circles  ;  which  does  not  niter  the  symmetry 
tf  tba  flower.  By  chorisis  we  denote  the  pitxlucllon  of  two  or  more 
agUH  in  the  place  of  one,  in  a  manner  analogous  to  tho  division  of 
&e  bbde  of  a  leaf  inio  a  number  of  separate  bindus,  or  leaflets. 

452.  Chorisi^,  or  the  division  of  an  organ  into  ft  ^i 

fiirar  a  cluster,  may  take  place  in  two  ways, 
b  one  cnsti  the  partii  or  organs  thus  pnxluced 
bod  one  before  the  other ;  in  the  other  cane  tlipy 
Mnd  sitte  by  fide.  The  lirnt  is  named  transverse 
duntit ;  tlie  second,  roUateral  cfiorisis.  Both 
Mit  eridenlly  disturb  or  disguise  the  normal 
nintBeti7  of  the  bltissoin. 

4JG.  Collilrral  Cboriiii  i^  thai  in  respect  to 
Ttrich  ilicpc  is  Ica'it  doubt  as  to  the  nature  of  the 
jnn^A.  We  have  a  good  exiunple  of  it  in  the 
MniAfmtmous  stiunens  (519)  of  the  Mustard  or 
tnm  fiouily  (Fig.  40G).  Here,  in  n  flower  with 
invmetrical  leiramerous  ealys  and  corolla,  wo 
imv  iii  stamens ;  of  which  the  two  lateral  or 
AMet  ones  are  alternate  with  tlie  adjacent 
pcttb,  as  they  normally  should  be,  wliik  the  four  *" 

«»  ID  two  pairs,  one  pair  before  each  remaining  interval  of  the 
piuh;  ai  is  shown  in  tho  annexed  diagram  (Fig.  367).  Tliat  is. 
Ol  liiie  Milerior  and  on  the  posterior  side  of  the  flower  we  have  two 
naoM  wliere  llicre  normally  should  be  but  a  single  one,  and  where, 
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^^H            spurred  l>elow ;  alternate  and  within  tlieau 
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BU  wiihin,  Ihe  Intei-al  and  exterior  petals ;  Ihose  nltemiite  mid 

«ilhiD  these,  ihe  inner  circle  of  pelnls  ;  and  altemnle  with  tlicse  are 

Ht  tnthers  of  tlie  two  Blmncn-clusiers.     The  centre  is  occupied  by 

iMdion  of  the  pistil,  wliich  consists  of  two  united.     Tlie  lliree  sta- 

Kits  «ro  lightly  connected  in  Dicentra  (Fig.  371)  ;  but  in  Coiydalia 

■nd  Adliunia  there  is  only  one  strap-shtii>ed  filament  on  cnch  side, 

■luc^  ii  ihree-forked  at  the  tip,  ench  fork  bearing  nn  nnllier  (Fig. 

171).    We  have  a  similar  c«se  in  soma  Hypericums  and  in  Elodea 

(Fig.  375),  except  llial,  wliile  the  floral  envelopes  are  in  five*,  the 

ORfea  wiihin  tliem  nre  commonly  in 

l&Rc*.     Tlie  three  members  of  the 

wdnccium  are  nomuilly  placed,  aller- 

aiiiig  with  the  three  membci's  of  the 

fjaaecium  within,  and  at«o  with  three 

^■nds,  which  probably  replace  another 

nde  of  Btamens.      ^*ow  eacli  real 

nmen  id  here  multiplied  into  three,  '^ 

Bslted  below  ;  so  that  the  whole  compound  body  may  be  viewed  as 

iHinologDUs  with  a  compound  trifoliolale  leaf  (2«9),     If  ihis  be  eo, 

ihw  Mch  clu:i(er  of  numerous  slnmens  in  the  common  St.  Johns- 

»wt  may  be  regarded  as  answering  to  one  stamen  greiitly  multiplied 

ki  the  fame  fvay,  and  as  analogous  to  a  ses.sile  decomjiound  leafp 

And  the  Mme  may  be  eaid  of  each  stamen-cluster  in  tlio  Linden 

(Rg.  383),     The  actual  development  of  the  cluster,  from  a  prota- 

temcc  which  in  the  forming  flower-bud  occupies  the  place  of  > 

Aigh  Hamen,  has  been  traced  by  Duchatrc,  Payer,  &c.  in  tliis  and 

<lbrai<«s. 

UJ.  Thus  far  we  are  Eusltiined  by  a  clear  analogy  in  the  organs 

of  vegeiniion.     As  the  leaf  frequently  develojis  in  the 

It  .-_         form  of  a  lobed,  divided,  or  compound  leaf, — that  is,  as 

.'.  1  luster  of  partially  or  completely  distinct  organ,'!  from 

■  inimon  base, — so  may  the  stamen,  or  even  the  pi.iiit, 

I .  .ome  compound  aa  it  grows,  and  give  rii^e  to  a  chis- 

\^'        tvr,  instead  of  completing  its  growth  as  a  solitary  organ : 

"'        and  it  appears  lliat  the  organogeny  id  strikingly  sim- 

ikt  in  the  two  cases.     Nor  is  it  very  unusual  for  petals  to  become 


r  deeply  bbed  in  tlio  same  n 


!,  for  example,  those 


ebthai 
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of  Mi^onctte  (Fig.  377).  In  certiun  cases  an  analogous  division 
takes  place  in  the  opposite  direction,  so  tliat  the  parts  or  lobes  are 
situated  one  before  the  other.  An  indication  of  this  is  also  nuuu- 
fest  in  the  petiiU  of  Mignonette,  the  lower  part  or  broad  claw 
of  which  is  plighlly  extended  at  its  summit,  on  each  side,  bejtsid 
the  origin  of  the  mnny-clefl  limb  or  blade.  I^^ision  in  tlus  direc- 
tion tuu  been  termed 

458.  TnDivtne  or  Terlical  Chorisii.  Tlio  mo^tt  fan 
of  the  croiPB,  or  sninll  nnd  mostly  Iwo-lobcd  ap- 
pendage on  tlie  inside  of  the  blade  of  the  petals 
of  Silcne  (Fig.  378)  niid  of  many  other  Caryo- 
phyllnceous  plnnts.  Tills  is  more  like  a  case  of 
real  didouUement  or  vnlining,  i.  e.  a  partial  sepa- 
ration of  an  inner  Innidla  from  the  outer,  and 
perhaps  may  be  so  viewed.  Stamens  sometimes 
bear  a  similar  and  more  striking  appendage,  as 
in  Larrca,  for  example  (Fig.  379),  and  tnost 
Other  plants  of  the  Guaincum  family;  also  in  the 

Dodder  (Fig.  1044).  Let  it  be  noted  that  in  all  such 
cases  the  appendage  occupies  the  inner  side  of  the  petal 
or  stamen,  and  that  it  is  commonly  two-lobcd.  Again, 
before  each  petal  of  Pamassia  (Fig.  381),  nlthou^ 
slightly  if  at  nil  united  with  it,  is  found  a  body  which  in 
P.  palusiris  is  somewhat  i>etal-like,  with  a  con-iiderable 
number  of  lobe?,  and  in  P.  Cnroliniana  is  divided  almost 
*"  to  Iho  base  into  three  lobes,  which  look  much  like  abortire 
stamens.  Tlie  true  slani- 
ineal  circle,  however,  oc- 
cupies its  proper  place 
within  these  ambiguous 
bodies,  alternate  witli  tlie 
petab.  We  cannot  doubt 
that  the  former  arc  of  the 
same  nature  as  the  scale 
of  the  stamens  ia  Larrea, 
and  the  ei-own  of  the  petals 


no.  3 


A  petil  of  SI 
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;  and  we  incline  lo  consider  llio  accessoiy  body  lu  Bucli 
lu  Iiainologous  with  the  stipules  of  the  lenC* 
4itO.  It  may  also  bo  noticed,  thni,  wtiilc  in  collatcml  choiisia  tlie 
.{iKf«8ae<l  parts  ure  usually  all  of  the  game  nam nJ,  like  so  many 
leaflets  of  a  comgiound  leaf,  in  whnt  is  culled  transverse  cho- 
thcTB  is  seldom  sudi  a  diTision  into  homogeneous  parts  ;  but  the 
organ  remains,  as  it  were,  intact,  while  it  bears  an  append- 
difierent  appearance  or  function  on  its  inner  fore,  or 
in  that  side.     Thus  llie  elamens  of  Larrca,  &Q.  bear 


ijsllcr  illuGlmtions  of  rhrse  Ihcoraticnl  jioinia.  the  Etiiilent  ia  referred  la 
and  text  of  The  Genera  of  Iht  United  Sara  Flora  lllailralTil,  cape- 
W  Vol.  S.  —  An  able  miter  in  Hooker's  Jounml  o/Boiaiig  andKeat  Uardai 
Wuedhinf,  VoL  1,  p.  360,  (with  whom  we  sre  in  n<:cord  an  to  the  iialnre  of  col- 
}  "  being  iouUt  at  a  loss  to  Gntl  anything  nnnlogauB  in  tho 
onliaary  Mcni-IeaTci "  to  this  troDaTcrse  or  vertical  moltiplicalioa  of  ports,  in- 
mch  appendages  as  those  of  the  petals  of  Sitcnc,  Sapiudns, 
>,  &C.  ns  deformed  (rlands,  and  tho  tlamens  thos  sitonlcd,  whether 
^ng^y  or  ia  closter*,  us  ilerelopoicuia  of  new  parts  in  the  axil  of  the  petals,  &c. 
|Xl  iq>pcars  to  Qi,  however,  that  the  leaves  do  farniBh  tlie  proper  analugne  of 
^ipendsgcf  as  those  of  Fig.  9T8-3S1,  and  the  similar  pctaloid  scales  of 
Erydroxjlea;,  and  the  like,  in  tho  liyule  of  Grosses,  and  the  slip- 
The  fonncr  oo-upics  exactly  the  sumo  position.  The  latter  form  on 
•1  part  of  tho  leaf,  and  osaally  develop  in  a  plane  pomllcl  with  that  of 
lln  Uado,  hut  betvcen  it  and  tho  axis ;  particularly  when  they  are  of  vonsittcr- 
■He  ^tB,  and  serve  as  tegnnietiis  of  the  bud,  ns,  for  example,  ia  Magnolia  (Fig. 
1M^  The  eombined  intrapctiolor  stipules  of  Melianthns  fUmish  a  coso  ia 
to  lie  compoied  with  the  two-lobed  internal  scale  of  the  stamciii  in  Lor- 
le  Iwo-clcfl  ailnate  appendage  of  Iho  petals  in  Coryophyllea:,  Sapindns, 
Ac.;  and  instances  of  cleft  or  apjxrndagcd  stipules  may  readily  be  ndrtuceU  to 
snrh  bodies  an:  as  prone  to  multiplication  by  division  ns  other  foliar 
fttu.  The  snppo&itjon  of  a  true  axillary  ori^n  of  the  organs  in  question, 
appears  lo  be  gratnitons,  and  it  would  certainly  introduce  needless 
y  inio  the  theory  of  the  flower.  Nor  does  it  throw  any  light  upon 
Dtoqiholug}' to  ealt  anch  appendages  of  petals  "ddbrmod  glands";  a  term 
vUdi  ts  mnch  loo  rogne  to  hare  any  assignable  TQorphological  value.  In 
Ml  mo  slipnlca  oie  ledoccd  to  gUinds.  At  present,  therefore,  we  think  thai 
■■Ml  getHonl  name  may  properly  enoagh  bo  employed  both  for  the  collateral 
■be  mtiol  multiplication  of  organs,  wbcte  two  or  more  bodies  occupy  tho 
•  oT  ene,  carefully  distinguishing,  however,  tho  two  different  cases.  Some 
iai  Mnn  is  ccvdfiil  titr  discriminating  bctwwn  sneh  mnliiplieniion  and  ilint 
if  ibe  R^hir  oogmcntotian  of  Ooml  organs  through  the  development  of  addi- 
'  cirrlcs,  and  none  llie  less  so,  because  we  recogniic,  in  one  or  both  kinds 


I,  ukmIm  of  division  which  oi 


common  to  the  floml 


organs 


and  to  the 
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B  BCRle-like  appendage ;  lh«  petals  of  Sapindua,  OardioBpennitm, 
dec,  a  petaloid  scale  quite  unlike  the  original  petal ;  the  petab  of 
Pamassia,  a  cluster  of  bodies  resembling  sterile  filaments  united 
below. 

4G0.  Tbt  Anttpodtlon  or  mp«rpontion  of  parts  which  nomuJlj 
flltemnte  in  the  flower  luts  in  some  cases  been  regarded  as  a  case  of 
Iransversie  chorisis;  but  it  is  susceptible  of  a  simpler  explanatioo. 
The  principal  case  that  occurs  is  that  of  the  stamens,  or  the  outer- 
most circle  of  stamen?,  being  placed  directly  before  the  petals 
(in  ordinary  botanical  Ian- 
gunge  opposite  the  petab). 
The  Vine  (Fig.  384-386) 
and  the  Buckthorn  families 
are  good  examples  of  this 
anomaly,  as  abo  is  Clsy- 
tonia  in  the  Purslane  fam- 
"^  "^  ily.     And  in  Linden  and 

many  of  its  allies  a  cluster  of  stamens  (Fig.  382,  383)  stands  be- 
fore each  petal,  the  American  Lindens  "*  "" 
baWng  also  a  [letal-Iike  scale  in  the 
centre  of  every  cluster.  The  clusters 
must  be  vieivcd  as  multiplications  of 
single  stnmens  by  colliitend  chorisis. 
The  jxisition  of  the  stamens  before 
llie  petals  in  these  cases,  as  well  us 
tliat  of  the  numerous  i)etnls  in  certain 
double  CnmcUins,  nrrnnged  through- 
out in  five  vertical  ranks,  is  most 
readily  explained  by  supposing  a  re- 
turn to  the  i-egular  ^  or  five-ranked 
))hyllotaxis  of  leaves  ('240).                                           an 

4C1.  In  the  genuine  Geranium  (Fig-  421)  the  position  of  the  outer 
of  the  two  sets  of  stamens  before  the  petals  evidently  results 
from  the  nbortion  of  an  exterior  ciR'lc  (48G) ;  and  perhajis  this  is 
the  case  in  the  Primrose  family  also.  lu  the  Barberry  fimiily  there 
is  an  apiMirent  antciio^ilion  of  the  sepals,  pctab,  and  stamens  through- 


no.  ass.  M.Btnm  1 

>f  Ihf  fin-tr  or  tb.  Au-ricn  Lh.,len.  In 

a.  Arluilcrnritainri 

..  wilh  <hr  r^al-llk*  tojy  In  lb.  luiddlo. 

FIC.  SSI.    Flowr  of 

lh(  Gni*.  ruling  lu  prttlt  bofore  cipi' 

i»tl»pttali;  bolh  •: 

bow  tba  eludi  ilUtlaeU;^.  ^^0^  I'm  ■'' 
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Mb  Bat  ltii«  arises  from  ihe  BjrnunelricRl  niigmenlntion  of  each  set 
of  organs  into  two  circJeii,  which  in  ihe  exjiiuiiled  flower  appear  like 
ODe.  la  llie  flower-bud  of  tbe  Barberry  ibc  cnlyx  is  seen  to  consist 
of  two  alternating  circles  of  sepals,  threu  in  each ;  the  corolla,  of  two 
cmrira  of  petaU,  three  in  each  i  tlie  three  exierior  pctab  aitcmating 
as  they  should  with  the  inner  cirele  of  sepals,  and  the  three  iitleiior 
ones  allemating  wilh  these.  But  when  the  flower  opens,  the  six 
peiAk,  spreading  apjtfirently  as  one  whotl,  are  necessarily  opposed 
to  the  eix  sepals  ;  and  the  six  Btamene  in  two  circles,  which  are  elill 
more  confluent  into  one  whorl,  are  equally  op])osed  to  these,  taken  six 
aiid  six ;  although  they  really  alternate  in  circles  of  three.  In  other 
words,  decussating  verticils  of  tlireea  neeetisarily  form  six  vertical 
lanka  (251,  441).  It  is  just  the  same  in  the  Lily,  Crocus,  and  mast 
Ifonocotylcdonons  plants ;  where  the  perianth  is  compoifcd  of  six 
Mtnilar  leaves  in  two  cirelen,  and  the  andnrcium  of  six  stamens  in 
two  circle?,  giving  a  regular  alternation  in  threes ;  although,  when 
taken  by  the  casual  observer  as  cotn]K>sed  of  two  circles  of  six,  it 
gires  (ho  appearance  of  six  stamens  before  as  many  petals. 

462.  TIK  Cwlnnnre  or  nnion  of  the  parts  of  the  same  whori  or 
set  of  organs  is  so  Ircqueni,  that  few  cases  arc  to  be  found  in  which 
it  does  not  occur,  to  a  greater  or  less  extent,  in  some  portion  of  tlie 
flower.  Witcn  the  sepals  arc  thus  united  into  a  cup  or  tube,  tho 
calyx  is  said  to  be  m/inocepaloue,  or,  more  correctly,  gammepalout ; 
when  the  pelals  are  united,  tlic  corolla  is  said  to  be  tnonoprtalout,  or 
yaatoprtaiotu.  The  latter  is  the  appropriate  term,  as  it  denotes 
that  tlie  ]>ela1s  are  combined  ;  but  the  former  is  in  common  use,  al- 
iboo^  ctymologieally  incorrect,  as  implying  that  the  corolla  consists 
of  a  Btngie  petal.  Tlie  cun-ent  names,  in  these  cases,  were  g^ven 
long  before  the  structure  was  rightly  understood.  So,  also,  such  a 
calyx  or  corolla  is  said  to  be  entire,  when  the  sepab  or  petals  are 
ntuled  to  their  very  summits ;  or  to  be  toothed,  lobed,  eirfl,  or  parted, 
•onirding  to  the  degree  in  which  tho  union  is  incomplete  ;  this  lan- 
|iugt)  being  employed  just  as  in  the  case  of  the  division  of  Iciivea 
(SSI).  On  the  other  hand,  when  the  sepals  are  not  united,  the  calyx 
it  (aid  to  be  polffiepalom ;  and  when  the  petals  arc  di^lincl,  the 
oroLla  is  said  to  be  polypeialoiis ;  tliat  is,  comjmsed  of  sevend 
pnaU. 

4C3.  Tlio  union  of  the  stamens  with  each  other  may  ot-cur  either 

^  their  fihunenLi,  as  in  the  Pea  and  most  of  the  'PvA^  fiiniily.or  hy 

^^ri|Wilhcrs,  as  in  the  Sunflower  and  the  whole  Composite  family,  or 
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by  both  the  filaments  and  the  anthers,  as  in  Lobelia  and  the  Gotud. 
An  account  of  the  modes  of  Euch  union,  and  of  the  terms  emplojed 
to  express  them,  may  be  found  in  Section  VI.  The  union  of  the 
ptatilj  19  Btill  more  common  than  that  of  Btamens,  and  ia  illustraled  in 
Section  VII. 

4fi4.  The  terms  union,  cohesion,  and  the  like,  must  not  be  under- 
stood to  imply  that  the  organs  in  question  were  first  formed  as 
distinct  piiil,4,  and  sub-<equently  cohered.  This  is  seldom  the  case. 
The  union  is  congenital ;  the  members  of  a  gamosepaloua  cslyx,  a 
gamopctnlous  corolln,  &v,  showed  their  union  from  the  earliest 
period.  The  Innguuge  we  use  has  reference  to  oar  idea  of  these 
ports,  as  answering  each  to  a  single  leaf.  We  might  more  cor- 
rectly say  that  the  several  leaves  of  the  same  circle  have  failed  to 
isolate  themselves  as  they  grew.  The  same  remark  applies  to  the 
anali^us  case  of 

4G5.  IdnBtioa,  or  ConiolidlUon,  the  union  of  different  circles  of 
floral  organs  'n'ith  one  another.  This  may  take  place  in  various  de- 
grees. It  presents  the  appearance  of  one  circle  or  set  of  parts  grow- 
ing out  of  anoliicr,  as  the  corolla  out  of  the  calyx,  the  stamens  out  of 
the  corolla,  or  all  of  them  out  of  the  pistil ;  and  therefore  disguises 
the  real  origin  of  the  floral  organs  from  the  receptacle  or  axis,  in 
successive  series',  one  within  or  above  the  other  (421).  The  con- 
sideration of  the  flower  as  respects  Buch  consolidation,  or  its  ab- 
sence, gives  rise  to  three  terms  which  are  much  used  in  descrip- 
■  tive  botany,  and  which  the  student  should  thoroughly  understand, 
tout,  perigynoui,  and  epigynous. 

4CC.  The  first  of  these 
terms  applies  to  the  case  in 
which  there  is  no  adnation  or 
consolidation  of  unlike  parts. 
That  is,  when  the  calyx, 
corolla,  and  stamens  are 
bonie  (i,  e.  insfrted)  on  the 
receptacle,  they  are  said  to 
be  hypogynout  (from  two 
,  "  Greek  words  meaning  under 

the  pistil),  as  in  Buttercup,  Flax  (Fig.  387),  &c.  The  floral  organs 
in  such  eases  are  also  said  to  he  free  ;  which  is  the  term  opposed  to 

VIO.  SST.  Tntlcil  Mcthm  of  ■  Bimti  vt  Iha  ComniDii  Flu,  iIiowIde  tbe  DOmal  «  hf  po- 
gjBooi  iaantlon  of  part*. 
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the  adhesion  of  one  organ  to  aootber,  as  that  of  di$tinet  is  to  the 
cohesion  of  the  parts  of  the  same  wborl  or  set  of  organs.  Thus,  the 
Btamens  are  said  to  be  diatinet,  when  not  united  with  caeh  other,  and 
to  be/ree,  when  they  contract  no  adhesion  to  the  petals,  sepals,  or 
pistils ;  and  the  eamo  language  is  equally  applied  to  all  tlio  floral 
organs.  The  word  connate  (bom  united)  is  applied  either  to  llie 
coDgenitnl  union  of  homogeneous  parts  (as  when  we  say  tlint  the  two 
leares  of  the  upper  pairs  of  the  Honeysuckle  are  connate,  Fig.  294, 
the  sepals  or  slaTnens  are  connate  into  n  tube,  or  the  pistils  into  a 
compound  pistil),  or  to  the  coalescence  of  heterogeneous  parts  (as 
thai  of  the  petals  with  the  calyx,  or  of  both  with  the  pistil)  But 
tbe  word  adnate  belongs  to  the  latter  case  only 

4C7.  When  such  consolidation  tnkes  place,  and  the  petals  and 
stamens  (which  almost  always  accompany  each  other),  or  either  of 
them,  are  inserted  on  the 
calyx,  i.  e.  are  adnate  with 
the  base  of  the  calyx  (as  in 
tbe  Cherry,  Fig.  888,  or 
Purslane,  Fig.  389),  they  are 
Eaid  to  be  penijynout  (liter- 
ally, placed  around  the  pis- 
til)- Tlie  real  origin  of  the 
parts  must  he  the  same  as  in 
the  former  case,  that  is,  the 
parts  really  belong  to  the  re- 
ceptacle, in  successive  circles, 
one  above  or  within  the  other, 
first  the  sepals,  then  the  pet- 
als, within  these  the  stamens, 
and  within  or  above  these 
tlie  pistik ;  but  the  true  origin  ** 

or  position  of  some  of  the  parts  is  here  obscured  by  the  adnation,  ai 
iht'ir  base  at  least,  of  parts  which  are  normally  separate.  In  Fig. 
S88,  the  petals  and  stamens  are  adnate  to  the  lower  part  of  the 
calyx,  but  all  are  free  from  the  pistil.  But  in  Fig.  389,  all  four 
organs  are  consolidated  below,  as  far  as  to  the  middle  of  tlie 
ovary. 

no.  388.    Ttnlcal  HctliiB  ot  >  flonr  of  tbe  Cberrr,  to  ihow  lb*  pfrigrnooJ  laiirtlad  of 
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468.  In  (lie  Apple,  Hawthorn  (fig.  390),  Rnd  many  other  plants, 
the  conBolidation  eztenda  farther,  and  the  calyx  is  adnate  to,  i.  e. 
invests  and  coheres  with  the 
whole  Eurfaco  of  llio  ornry, 
which  accordingly  appears 
to  be  under  the  rest  of  the 
flower,  instead  of  the  uppci^ 
most  and  innermost  part,  as 
it  properly  is.  Tlio  earlier 
botanists  called  the  flower, 
or  caljTC,  in  such  cases,  *u^ 
rior,  and  the  ovary  and  frail 
inferior ;  and  when  no  such  consolidation  occHfi",  the  flower,  or 
calyx,  &c.  was  said  to  be  inferior,  and  the  ovary  tvperior.  But 
these  terms  should  be  superseded  by  the  equivalent  and  much  more 
appropriate  eKpressioiis  of  cn/j/x  adlicrenl,  in  the  one  ca*e,  and  eaiyx 
free,  in  the  other  ;  or  by  tlint  of  ovary  cohfrent  with  tlie  cali/r,  and 
orari/  free  from  the  calyx,  which  is  the  same  thing  in  other  woi-ds.* 
More  commonly  the  corolla  and  the  stamens  are  adnale  to  the 
calyx  beyond  where  these  parts  all  separate  from  the  pistil ;  in  which 
case  they  are  still  peritjynoat,  or  homo  on  the  calyx.  In  some 
such  coses,  as  in  the  Kvcning  Primrose  and  Fuclisin,  the  lube  of 
tlie  calyx  is  prolonged  far  beyond  the  ovary,  and  the  pelids  and 
stamens  arc  inserted  on  it  just  below  where  it  seimHiles  into  its 
distinct  lobes. 

4G0.  In  other  flowers  llie  petals  and  the  st.imens  are  dtritlnct  at 
the  line  where  the  calyx  separates  from  the  top  of  the  ovai-y,  or  are 
borne  on  tlie  edge  or  face  of  a  thickened  disc  (489)  which  crowns  'm 
snmniit,  as  in  Aiiilia  (Fig.  410),  the  Ivy,  and  all  that  family,  in  the 
wliolc  Parsley  fimiily,  the  Coniel  family,  the  CranbciTy  (Fig,  301), 
and  the  like.  The  stamens,  &c,,  l>eing  tliin  api>iu-ently  borne  on  tlic 
ovar)',  are  said  to  bo  epii/i/nota  {(wiix  two  Greek  words  meaning 
"on  the  pistil"). 

*  A  fM'orilo  viow  at  present  is  (hut  the  rulyx  in  mnny  m^rs  (as  in  the  Hosf, 
Apple,  &c.)  actually  begins  nt  the  place  wlicrc  it  is  distinct  from  tlio  pnrts  with- 
in, and  that  tho  Eo-colli'd  tube  ia  tho  summit  of  tlic  pulundo  lioUoirctl  out,  or 
developed  BTonnd  the  |)i*ils.  This  view  can  be  corrcrt  in  certain  cases  only, 
and  the  difference  between  it  nnii  iho  cnrrcnt  view  is  rcnlly  not  so  great  as  it 

FIQ.  390.    FIdwct  «r  nvrtbom  TtKlnlly  dlrlilnl.  to  ibow  the  aljx  tdntta  M  tin  omy. 
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470.  In  some  few  plants  the  stamena  continue  this  adnation  a  little 
further,  and  cohere  wiih  the  style,  either  with  its  base  011I7,  aa  in 
some  species  of  ABorum,  or  withits 
whole  length,  aa  in  Gypripedium 
(Fig.  468)  and  the  whole  Orchis 
femily.  Then  the  flower  is  said 
to  be  ffynandrout ; — from  two 
Grwk  words  e<iuiTalcnt  in  mean- 
ing to  stamens  and  pistil  com- 
Inm-d  (519). 

471.  Irr^arity.  The  flower 
is  irretptlar  when  the  parts  of  its 
di&brcnt   circle^  or  of  one   or 

more  of  them,  are  not  all  alike  u 

i,  or  size.  Irregularity  may  be  the  re- 
sult, therefore,  either  of  the  abortion  or  dis- 
appearance of  ecane  parts,  or  of  their  un- 
tfual  devehpment  or  unequal  union.  The 
latter  case  may  be  first  considered. 

472.  The  Pea  tribe  affords  a  familiar 
illustration  of  irrtffuiar  flowers  arising  from 
the  imequal  size  and  dissimilar 
form  of  the  flond  enrelopcs; 
especially  of  the  corolla,  which, 
from  a  fancied  resemblance  to  a 
butterfly  in  the  flower  of  the 
Pea,  Locust  (Fig.  392),  Ac,  has 
been  called /Mi^ii/taiHimnM.  The 
petals  of  such  a  corolla  are  dis- 
tinguished by  separate  names ; 
the  upper  one,  which  is  uenally 
mo:-t  conspicuous,  being  teiTDcd 
the  rerillum,  tIanAird,  or  banner 
(Fig.  392',  a);  the  two  lateral 
(J>  are  called  Wnj»  (o^),  and 
the  two  lower  (c),  which  are 
rir  anterior  e<lges,  and  tog«Iier 


unally  KHnewhal  imiled  alon;;  thi 
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form  a  bodj  ia  ehape  Tcscmbling  tho  keel,  or  rather  the  luirrcnr 
prow,  of  on  onciout  ves^l,  nre  named  the  carina  or  keeL  The  calyx 
of  the  snmo  blossom  ia  Elighlly  irregular  by  the  unequal  union  of 
port^  the  tn'o  upper  {^opald  being  united  higher  than  the  other  llu«e. 
Ia  Baptisia  these  two  scpab  are  coolescent  to  the  tip,  or  nearly  eoy 
causing  the  calyx  to  ap- 
pear aa  if  formed  of  four 
sepals  instead  of  five  In 
most  Lnpinca,  not  only  are 
the  two  upper  sepals  coa- 
lescent  into  one  body  near- 
ly or  quite  to  the  tip,  but 
the  tlirce  remaining  ones 
are  likewise  united  into 
one  body,  on  the  lower  Nde 
of  the  flower,  thus  giving 
the  cidyx  the  nppeai'ance 
of  consisting  of  two  petals 
""  in  place  of  five.     The  ir- 

regularity of  papilionaceous  flowers  likewise  affects  the  stamens, 
which,  altliough  of  symmetrical  number,  m 

viz,  ten,  or  two  circles,  are  in  most  cases 
unequally  coalcsocul,  nine  of  them  being 
united  by  the  coliejion  of  Ibcir  fihuneiits 
for  the  greater  part  of  their  length, 
while  the  tenth  (the  posteiior)  ^tnmeu 
is  distinct ;  as  is  illustrated  in  the  sec- 
tion oil  the  stamens  (518).  But  in 
Amorplia  (Fig,  395),  which  belongs  to 
the  same  tribe  of  plants,  the  ton  stamens 
are  united  barely  at  their  base ;  and 
there  is  a  complete  return  to  regularily 
in  those  of  Baptisia  (Fig.  304)  and 
Sophora,  which  ai-e  i>erfeclly  ilistinct  or 
separate.  The  Violet  (Fig.  397)  offers 
anotlicr  very  familiar  form  of  irregri- 
lar  Bowers  ;  the  in-eguhuity  bebnging 

no.  303,    PipUkinKeoui  Bmrcr  oT  Saptiila.    SSL  Tho  n 

FID.  396.    FVunrr  of  Amorphi,.    395'.  Ttaa  lune,  vlth  tbit  Blllu;  petal  icmond,  Ihmlic 
Uifl  tUgbtlf  uwDsilBlpbOQa  BtuDeni. 
no  39S.    FlomDfYlo^aB^ttala.    397.  Iti  lepili  ana  pNili  diqiliJBl- 


e,  itUh  Um  petal!  mnond, 
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miMy  to  the  rorolln,  the  lower  \ictn\  of  which  is  prolongcrl  bnc-k- 
irarJ  into  a  sac  or  spur.  Tlio  Lark«|iui-  nnd  Monksliootl  (Fi^,  398— 
402)  &re  inegalar  both  in  ihe  «ilys  luid  the  coroUn,  not  only  by  a 
diversity  in  Ibe  size  and  stitipc  of  liomolo^^j  \-mts,  but  alto  by  the 
Bnp{>ree»ion  of  some  of  tLem.  ^V'e  nuiy  therefore  coiisider  ibem 
under  tlic  next  head. 

473.  Of  invgular  monopetalous  flowora  the  moi^t  comRHHi  form  is 
tlie  bilabiate  or  tico-lipped,  as  in  the  coroUit  of  lliu  Sagr,  Snap- 
dragon, nnd  most  of  ibe  large  fnmilies  to  wiiieh  tbey  belong  (Fig. 
400)  !  this,  like  the  calys  of  the  Lupine,  described  above,  arises 
from  the  tinequal  union  of  tlic  pnrls.  The  snmo  is  the  ease  witli 
tbu  two-lipped  corolla  of  the  Wooilbine  nnd  other  Honeysuckles, 
only  here^  instead  of  two  lobes  or  petiiU  forming  the  up)>er  lip  and 
tbree  t]ie  lower,  four  petaU  enter  into  the  corngxiEiition  of  llic  upper 
lip,  leaving  only  one  for  the  lower  (Fig.  8G1).  Tho  Ti-umpet 
IIoBcysuckle  returns  nenrly  to  regularity  ngain,  tlie  wliolo  five 
peinls  buing  eouleseent  into  a  tube  to  near  tlie  lop,  leaving  nn  al- 
most equally  fivc-lolx-'d  border.  Tlic  <-orQllas  of  Germander  (Fig. 
996)  Bnd  of  Lobelia  (Fig,  902)  iu;e  funhcr  irregular  by  a  want  of 
tnuon  on  tlic  upper  side  of  the  blos^Aum :  and  Ihe  lifful<Ue  or  ojien 
and  »tmp-$baped  corolla  of  Coreopsia  (Fig.  325,  c)  and  other  Cora- 
politic  evidently  answers  to  such  a  ivgular  tnonopelalous  corolla  as 
a,  split  down  on  one  side  nnd  outspread. 

i7i.   Snppret^D  or  AborUon,  that  is,  the  complete  or  the  luirtial 

oUiteration  of  Eome  member,  is  a  common  esuse  of  irifgulniniy. 

The  term  tappretiion  is  used  when  i)arts  tvluch  belong  to  the  ]>lan 

of  line  blossom  do  not  actually  appear  in  it.     The  temi  abortion  is 

^^icd  not  only  to  such  disappearance,  but  to  partial  obliiernlion, 

K  vherc  a  stamen  is  I'cduced  to  a  naked  filamfnt,  or  lo  a  mei«  rudi- 

netit  or  restige,  answering  to  a  stamen  and  occupying  the  place 

t^  one,  bat  incapable  of  performing  its  olHee.     Such  obliteration, 

wht^iher  partial  or  complete,  may  alTcct  either  a  wIkiIo  circle  of 

wgma  or  merely  some  of  its  memliers.     Tlio  former  interferes  with 

<i>o  oomplelcncsA  of  a  flower,  and  may  obscure  the  noimnl  order  of 

1*  pnrts.     Tlie  latter  dirrctly  intei-feres  with  the  pymmclry  of  the 

WKwm,  and  may  be  first  considered. 

ATS.  SDppituion  of  mne  Ports  of  a  Circle  of  tiTpaa.    Tlic  Larkspur 

•"i  Aiwiitc  or  Monkshood  furnish  good  examples  of  flowers  which 
*»  lioih  irn?gular  nnd  Kymmelrical.  Tlie  calyx  of  the  Larkspur 
l99)  b  irrvgiilar  by  reason  of  the  dissimilarity  of  the  five 
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aepals,  one  of  which,  the  uppermost  and  largest,  is  prolonged  poste- 
riorly into  u  long  and  hollow  spur.     IVlthia  these,  and  akemate  with 


them  as  far  as  they  go,  are  the  petals,  only  four  in  number,  and  lliese 
of  two  shape:',  the  two  npper  ones  having  long  ppurs  which  are  r^ 

no.  8B8.  Flower  of  a  Lulupur.  SCO.  The  Brc  npibi  (outor  clri'lB)  and  Itu  lOat  patib 
(Isari  dnlo}  dli>pLi>'«l.    400,  Gnniail-plui  of  tbt  ctif  i  Bod  corollii. 

FIQ.  tOI.  FloKtT  of  BD  Aronilo  or  Uoukthood  MS.  Tb«  fln  Hmll  ud  Uw  too  nuU 
»ad  corloiiilj-ihftped  poUla  dL^jiliijnl:  tin  tho  ituu^DS  ftqd  pMile  La  tbo  CTDtn,  403< 
Onmul-iikiiiflbtaljriudnjralU)  tba  OMMd  Uil«,u  In  Tig.  MO,  npraeDUnc  tiM  nip- 
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r  of  the  uppor  scpnl ;  the  two  Inieral  ones  liming 
■  email  Imt  hi-otu!  blade  wiistd  on  a  elalk-like  claw ;  and  ihe  place 
wltidi  ilie  fillh  luid  lower  pettU  ehoutd  ot.'cupy  (markcil  lii  the  grotiiiil 
{ilan,  Fig>  400,  bj  a.  short  dotted  line)  is  vncnnt,  lliia  petal  being  Hiip> 
prcsMMl,  tliereby  rendering  the  blossom  iiii53iiunetri<.-Jil.  In  Aconite, 
(Fig.  401,  403)  tbc  pliin  of  the  blos.=om  is  the  same,  but  tlie  upper- 
bkk4  luul  bu'g^st  of  (lie  five  dissimilar  sepnls  forma  a  he Imet-s Imped  or 
bood'lilce  body ;  and  as  lo  the  pelal",  lliree  are  naming  ttltogetlier 
(their  places  are  shown  by  the  doited  lines  in  the  ground  plan,  Fig. 
403)  ;  ibe  two  ujjper  oiica,  which  extend  under  the  hood,  ouly  i-e- 
main,  and  tliese  are  so  rc<Iaced  in  size  and  so  anomalous 
In  thape  ibat  they  would  not  ordinarily  be  re«^izeil  as 
petals.  One  of  them  enlarged  is  exhibited  in  Fig.  404. 
Petnb,  &<?.  of  this  and  other  extraordinary  forms  were 
termed  by  Linnreus  Ntctarits,  an  unmeaning  or  mi-blend- 
ing niune.  as  ihey  ai-e  no  more  hkely  to  secrete  honey 
dun  ordinary  petals  are. 

B,  47G.  The  papilionaceous  corolla  (472) 

becomes  strikingly  unsyrameirieal  by 
supprassion  in  Amorpha  (Fig.  395). 
Ilere  the  corolla  is  uniformly  reduced  to 
a  Bolilary  petal  (the  slandnnl),  Uie  otiier 
four  petals  being  totally  obliteratetL 
This  ohliienition  is  foreshadowed  in  Erj-- 
llu^na  herbacca  of  the  Souihera  Slates,  and  other 
species,  in  which  all  the  petals  except  tlic  standard 
nre  small  and  inconspicuous.  Wbilc  the  blussum 
of  Ihe  common  Horsechestnut,  although  irregular, 
is  symmetrical,  so  far  as  respecta  tlie  calyx  and 
corolla,  that  of  ouv  nearly  related  Buckeyes  gener- 
ally wants  one  of  the  five  jx^lals,  a  vacant  place  on 
the  anterior  eide  of  the  flower  indicating  its  absence. 
477.  The  supprc.fsion  or  aboilion  of  eome  of  llie 
ettunens  requisite  to  the  symmetry  of  the  blossom  is 
According  to  the  ordinary  view,  the  six  flamcns  of 
'hOoMcrs  of  the  Mustard  family  (Fig.  405,  406),  where  the  scpalt 
■1  pctalt  are  in  fount,  Ji  explained  by  Bupposing  tliat,  out  of  two 
(bdaxif  Mium-iH,  (our  in  eacli,  two  stamens  of  the  outei-  circle  are 

IKW.    0<»t«airralitruA<miiO'«MnnIulunl,«kq[ed. 
MlMI.  flsnri^XMuil     lot.  lu  eIi  itamnx  wid  Uio  ^Ul,  <nlai^ 
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478.  Most  flowers  which  a 


suppressed.    But  wo  indmc  to  the  opinioo  that  l)i 
is  rendered  tinsynunclrical,  not  by  the  suppi-e^sion  of  two  nbc 
mens,  but  by  the  ehorisia  or  dixUion  of  tlie  two  slumtdns  each 
pair  (456,  Fig.  3CS). 

)  irregular  by  the  iinc(]nal  union  of 
the  petaU,  espccinlly  liiot^c  with  a  U- 
lafiiale  corollft  (473,  £11),  are  liki 
UDsymmetrictd  by  the  abortion  of 
or  more  of  the  slamens.  In  ihc 
nip.  Bahn,  &(u,  and  in  tlie  Siiapdragc^ 
BIonkey-fk)wer,  Foxglove,  and  (ho 
like,  as  also  in  Geiimlia  (Fig.  407), 
wliere  (he  corolb  is  only  sliglilly  ir- 
regulur,  four  stamens  occupy  thdr 
proper  places  alternate  witli  its  lobes, 
but  the  fiAh  stnmen  is  altogeiher  want- 
ing. In  its  place,  however,  the  corolla 
of  the  Figi^ort,  belonging  lo  tlie  same 
family  BjJ  tlic  Snap<Ii'aptHi  and  Ge- 
raiilia,  benrs  a  small  scale,  and  that  of 
Chelone  and  rentstemon  (Fig.  408) 
bears  an  anlherless  filament,  which, 
from  its  position,  must  be  the  wanting 
stnmen,  in  an  abortive  sinle ;  and  in 
one  species  it  has  actually  been  fotmd 
with  a  perfect  or  an  imiierfect  nnilicr, 
completing  the  symmetry  of  the  flow- 
er. The  four  pei-fect  stamens  in  these 
coses  are  of  unequal  lenglli,  two  of 
them  being  longer  than  the  other  two 
'"  (i.    e.    they    nro    didyiiamous,  520). 

The  two  shorter  stamens  also  disappear  in  many  such  plants,  as  in 
Grattola  or  Iledge-IIyssop, — sometimes  leaving  i-estiges  in  their 
place,  and  sometimes  not ;  ako  in  Sage,  Iloi'se-Itlint,  and  the  like. 
Here  three  stamens  out  of  five  arc  suppressed.     So  lliey  commonly 

ira.  iSSi.  CornUn  of  Oenntli  purpurea  luld  open,  wl(b  Uie  fOur  lUninil '  tint  plan  irlikb 
tba  <UUi  iboalil  dccupt  inLll«Lt«1  b;  a  cnM. 

no.  4C8.  Conillii  of  ri.'atsteiiiaii  ginnOiflanu  laJd  open,  with  lu  rmi  itomMU,  ui  %  lUill* 
fllUDOiC  In  Um  ptire  of  tlig  fifUi  tUmea. 

FID.  4DB.    CuroUa  of  CUalf»  liM  Dpta,  irlUi  too  iwrfiut  Muiinu  ud  UiB  TWigH  <X  Uma 
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in  llie  blotjnm  of  C.alnlpn  (Fig,  409),  but  their  vestiges  remain 
in  ihc  rorni  of  small  FlcrJIo  filaments,  two  of  whicli,  however,  occo- 
sioiiHlly  b»-nr  anthers,  either  jierfect  or  rudimenlnry, 

479,  The  suppression  of  a  portion  of  the  pistils  required  to  com- 
[drte  tlifl  Bymmctry  of  the  flower  is  exceedingly  comnion.  Tlie 
tendenry  lo  obliteration  fcems  to  increase  as  wo  advance  townrda 
tbe  centre  of  the  blo^iora,  owing,  doubtle.ss,  to  tbo  greater  pressure 
exerted  on  the  central  parts  of  the  bud,  and  the  progressively  di- 
tninbbcd  Ppaco  llio  organs  liavo  lo  occupy  on  the  comcal  reecplncle. 
Tliug,  while  the  corolla,  when  present  at  all,  almost  always  consbis 
of  ad  many  leaves  as  the  calyx,  lite  members  of  tlic  stamineal  circle 
or  circles  are  frequently  fewer  in  number,  and  the  pistils  are  etill 

Reomroonly  fewer,  excepting  where  the  asia  a  prolonged  for 
peption  of  numerous  spiral  eycle.«.  Tims,  the  pistils,  which 
It  Ibe  symmetrical  number  in  Scdum,  and  all  plants  of  that 
(Fig.  334, 33.'),  355, 361),  are  reduced  to  two,  or  rarely  three, 
in  die  allied  Saxifrage  family,  while  ihe  other  floral  circles  are  in 
fires.  So,  in  ihe  Wild  Sarsaparilla  (Fig.  410)  and  Spikenard,  the 
llinrccB  are  pcntamerous  tbroagliout,  although  tbe  ovaries  of  tlio  five 
piaiils  toe  united  into  one;  but  they  are  reduced  to  three  in  the 
Groond-DUt,  and  to  two  in  the  Ginseng,  l>eIonging  to  the  same  genns, 
M  aUo  in  nil  Umbelliferous  plants.  Although  the  pistils  arc  in- 
deflntlely  augmented  in  the  Roiic,  Strawberry,  and  the  greater  part 
of  Bosaceous  plants,  or  are  of  tlie  normal  number  five  in  Spinea, 
yet  there  mtk  only  two  in  Agrimonin,  one  or  rarely  two  in  Sangui- 
aorto,  ami  uniformly  one  iu  the  I'lum  and  Cherry  (Fig.  588), 
■hhongh  the  flowers  of  the  whole  order  are  formed  on  the  pcnlnme- 
TOOS.  or  Kimetimes  the  telramerous  plan,  and  with  a.  strong  tendency 
lo  nngmeiitation  of  all  tlie  organs.  And  the  PuUe  family  has,  almost 
witlmul  exci-ption,  five  members  in  its  fioml  envelopes,  and  ten,  or 
two  circles  in  il*  stamens,  but  only  a  single  pistil  (Fig.  358). 

4M.  Suppimiim  o(  soe  or  more  vbole  Circln.    A  complete  flower, 

HKln'-ody  remarked  (410),  comprises  four  whorls  or  sets  of  organs; 
namely,  mlyx,  corolla,  stamca",  and  pistils.  "When  any  of  these  four 
A^Aa  or  kinds  of  organs  arc  wanting,  tlic  flower  is  said  to  be  i'h- 
wom^ttte.  The  non-production  of  any  one  or  more  of  the  whorls  is 
Ht  uncommon.  The  calyx,  liowever,  is  seldom  if  ever  wanting 
wbm  the  corolla  is  present,  or  ruther,  when  the  floral  envelopes  con- 
«ft  of  only  one  whori  of  leaves,  they  are  called  cn/yr,  whatever  be 
tlxrlr  Bppi'arance,  texlon^,  or  color,  uulcss  it  c:m  somehow  bo  shown 
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that  an  outer  circle  is  EUppressed.*  For  aince  the  calyx  is  fre- 
quently delicate  and  petal-like  (in  botanical  language  petcdoid  or 
colored),  and  the  corolla  eometimea  greeni^ 
or  leaf-like,  the  only  real  difference  between 
the  two  is,  that  the  cal}'x  represents  the 
outer,  and  the  corolla  the  inner  series  i  and 
even  ihis  dUtinction  becomes  more  or  lesa 
arbitrary  when  either,  or  botli,  of  these  or- 
gans consist  of  more  than  one  circle.  The 
apparent  obliteration  of  the  calyx  ia  gome 
"*  cases  is  owing  (o  tlio  entire  cohesion  of  tlie 

tube  with  the  ovary,  and  the  reduclion  of  the  free  portion,  or  liml^ 
to  an  obscure  ring  or  border,  either  slightly  toothed  or  entire,  as  ia 
Aralift  (Fig.  410),  Fedia  (Fig.  882),  Comus,  the  fertile  flowers  of 
Nyssa,  &c.  In  ComposiliC,  tlic  partially  obliterated  limb  of  the 
calyx,  when  present  at  all,  consists  of  scales,  teelh,  bristles,  or  a 
ring  of  slender  hairs  (as  in  the  Thistle),  and  receives  tlie  name  of 
pappitt. 

481.  The  petals,  however,  are  frequently  absent ;  when  the  flower 
is  said  to  be  apetalous,  as  in  the  Anemone  (Fig.  411),  Clematis, 
Caltha,  &C.,  in  the  Crowfoot  family, 
other  genera  of  which  are  furnished 
with  both  calyx  and  corolla ;  and  as 
in  some  Biwcies  of  Buckthorn,  while 
others  have  manifest  although  small 
petals.  They  aro  constantly  wanting 
in  a  lai^e  number  of  families  of  Ex- 
ogenous plants,  which  on  this  account 
form  the  division  Apelala.  When 
the  calyx  is  present  while  the  corolla 
is  wanting,  the  flower  is  said  to  be 

moHoeldami/deom,  that  is,  with  a  iKnnnth  (417)  or  floral  envelope  of 
only  one  kind ;  as  in  the  cases  above  mentioned. 

*  In  our  Korlhcm  Znnlhoxjlum  the  monoclilamydcous  pctinnth  which  i« 
present  may,  Jio\i-ei-cr,  be  justly  held  to  be  tlie  coiuUn,  nnJ  not  tlio  calyx,  be- 
cause the  lire  etnnicns  ullcrnntc  will)  it,  jiiF^t  as  ihey  do  with  the  undoubted 
petals  of  Z.  Caroliniannni ;  hi  this  ease,  thcrcrorc,  wc  may  say  thai  the  calyx, 
and  not  Iho  corolla,  is  eupprcsscd.   See  Gowra /^torata.  Vol.  a,  p.  14S,  tub.  lU. 

no.  410.    FlonrftrAn 
no.  Ill-    FlonrotAn 
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4B2.  In  some  flowers,  moreover,  as  in  Ihe  LirordVlail  (Fig,  412), 

both  ihc  cnlyx  and  ihe  corolla  nre  entirely  wanting,  and  the  blossom 

is  ae/ilami/deoti*t  i.  e.  deslilute  of  any  perianth 

or  floml  envelopes  whatever.     Having  tlie  ea- 

MDliiil  organs,  vii.  the  stamens  and  pbtils,  how- 

erer,  thia  flower  also  U  perfect  (Jiermapkrodite, 

or  h'texuaf),  although  incomplete. 

„i  483.  Tlie  abortion  of  all 

ibe  slnmens  or  all  the  pis' 
tils  of  a  flower  is  common 
enough,  as  well  in  flowers  that  have  as  in 
lltose  that  have  not  complete  floral  envelopes; 
but  whenever  eillier  of  these  csi^enriul  organs 
are  abortive  or  wanting  in  some  blossoms,  they 
are  present  in  others  of  the  same  species, 
eilber  on  the  same  or  on  different  individuals. 
Flowers  of  this  kind  having  stamens  only  or 
pL^tils  only  are  enid  to  be  srpnrtUeely  dielinout, 
'"  or  tini'iexuat.     And  the  flower  which  has  the* 

■tamena  but  no  pistil.'',  or  only  imperfect  ones,  is  said  to  be  itamtnatt, 

tUriUtOT  male ;  while 

that     provided    with 

pistils,  but  with    no 

tUmens,  or  only  im- 

peiiect  ones,  is  pis- 

USalf,  fertilt,  or  ft- 

maU.     Not  to  multi- 
ply examples,  in  Smi- 

lax  and  in  Meuipper- 

Biam(Fig.  413,  414) 

we  have  good  instan- 

eea  of  «eparaled  flow- 

tT»  in  which  the  abor- 

IMXi  is  con  lined  to  the 

■tamens  or  the  pi.-itihi, 

ibe  flutKl    envelopes 

bei^     present     and 

no.  lU.    Flovcr  of  Llurd>un  (Sural 

no.  its.    J  tumlmu  Bomr  or  U<ii1t|Mrmuiu  oi  UooiucrL    411.  A  fttOWtU 

no  tU.  A  slklD  or  nuiiwM  flDnn  dT  SuIIi  tkim.  tIB.  A  dncle  ibmilDuir 
natal  ud  tdlufnl  (tba  bncl  laiml  Imia  tin  ryt).  417.  A  piJILLlatc  oiil.iu  d1 
^■Ab    lU  A  dcoduil  plaliUU*  Sows,  Dugiiecd. 
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complete.  And  in  the  Willow  (Fig.  415-418)  we  have  separated 
flowers  extremely  simplified  hy  abortion.  The  flowers  are  crowded  ia 
catkins,  each  one  in  the  axil  of  a  bract :  the  staminate  flowers  consist 
of  a  few  stamens  merely,  in  this  species  of  only  two  (Fig.  41 C),  and  the 
pistillate,  of  a  pistil  merely  (Fig.  418).  That  is,  the  flowers  are  wholly 
destitute  of  calyx  and  corolla  (unless  a  little  ghmdular  scale  on  the 
upper  side  should  be  a  rudimentary  perianth  of  a  single  piece),  and 
in  one  set  of  blassoms  the  stamens  are  also  suppressed ;  in  another, 
the  pistils.  The  stamens  vary  in  number  in  different  species,  from 
two  to  five.  If  there  were  only  one  of  the  latter,  an  instance  would 
be  afforded  of  flowers  reduced,  not  merely  to  one  kind  of  organ,  but  to 
a  single  member.  Now  there  is  one  species  of  Willow,  which  ap- 
pears to  have  its  sterile  blossoms  reduced  to  a  solitary  stamen.  It 
has  therefore  been  named  Salix  monandra.  But  on  in- 
spection this  seemingly  single  stamen  is  found  to  consist 
of  two  united  with  each  other  quite  to  the  top  (Fig. 
419).  Here,  as  in  many  other  cases,  the  normal  condi- 
tion of  the  flower  is  not  only  much  altered  by  the  sup- 
pression of  most  of  the  organs,  but  disguised  by  the  coa- 
lescence of  those  that  remain. 

484.  In  separated  flowers  the  two  kinds  of  blossoms 
may  be  borne  either  upon  different  parts  of  the  same 
individual,  or  upon  entirely  different  individuals.  The  flowers  are 
said  to  be  monoecious  when  both  kinds  are  borne  on  the  same  phmt ; 
as  in  Indian  Com,  the  Birch,  the  Oak,  Beech,  Hazel,  Hickory,  &c : 
and  they  are  called  dioecious  when  borne  by  different  individuals ;  as 
in  the  Willow  and  Poplar,  the  Sassafras,  the  Pnckly  Ash,  the  Hemp 
and  Hop,  Moonseed  (Fig.  413,  414),  i&c  Occasionally,  while  some 
of  the  flowers  are  staminate  only,  and  others  pistillate  only,  a  por- 
tion arc  perfect,  the  different  kinds  occurring  either  on  the  same  or 
different  individuals ;  as  in  most  Palms,  in  many  species  of  Maple, 
&c  :  plants  with  such  flowers  are  said  to  be  polygamous. 

485.  In  some  of  the  blossoms  of  certain  plants  both  stxunens  and 
pistils  are  wanting.  This  is  the  case  with  those  that  occupy  the 
margin  of  the  cymes  of  the  Ilobblebush  and  some  other  Vibunmms, 
and  of  Hydrangea  (Fig.  420),  or  even  with  the  whole  cluster  in 
cultivated  monstrous  states,  as  in  the  Snowball  or  Guelder-Rose 
of  the  gardens  (Viburnum  Opulus).     Here  the  enlarged  corollas 

FIQ.  410.    A  staminate  flower  of  Salix  purpurea  (or  monandra),  with  the  stamens 
(nxmadelplious  and  syngenesiouB),  bo  as  to  appear  like  a  single  one. 


iUrPRKSSION   OK 


Ol'  PARTS. 


263 


iiuOte  the  whole  blns^nm.  Such  flower:),  being  uoillier  elmninate 
DOT  pifltitlato,  are  said  to  bo  ventral.  In  so-called  compound  flowcw 
(S94)  tbo  slrnp-shaped  mar^niil  flowers  nrc  sometimes  iieulral,  aa 
in  C<>reo]wis  (Fig.  324,  325),  Mayweed,  and  Sunflower.  In  some 
Gmews  ond  oUier  pltints  eucli  neutral  flowers  want  the  flowd  en- 
velopes also,  or  are  reduced  (o  tin  abortive  rudiment. 


Wfi,  The  suppression  or  abortion  of  »  wliolo  circle  of  organs  in  a 
f^mmctrical  flower  does  not  destroy  its  symmetry,  if  we  take  note 
of  UiR  absent  members.  Tlius  a  monochlamydeous  flower,  wilb  a 
tfp^e  fuU  circle  of  Xiamen.*,  nsually  has  the  latter  plaerd  opposite 
fhe  leaves  of  the  perianlh,  that  is,  of  the  calyx,  the  corolla  or  in- 
larvening  eirele  liaTing  failed  to  appear.  But  when,  with  the  abor- 
lion  of  llie  primary  circle,  say  of  Iho  stamens,  we  have  an  augmenta- 
tion of  one  or  mure  adiUtioiuiI  circles  of  the  same  kind  of  organ,  the 
Ibw  of  aliemalion  appenr^  lo  be  violated ;  the  stamens  that  arc 
praeni,  or  the  outer  circle  of  ibem,  standing  before  the  petals,  in- 
alnd  of  aliemnie  with  them.  It  is  customary  lo  assume  this  tx- 
flRiHUion  for  all  ca«ei  of  the  antcposition  of  the  stamens  to  the  pet- 
al%  w)utli«r  iit  the  PrimnKC  titraily,  in  Claytoni.t,  in  the  Tine  (F!^ 

no.  m    VjvM  el  □flnBgH  arboniciffij,  vlth  Ihc  lu^  dveIii*)  ami*  Matari 
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384),  or  Iho  Buckthorn,  &c.  But  more  probable  explanations  for 
some  eucli  cases  have  alrewly  been  given  (459,  4G0).  It  can  no 
longer  be  deemed  sufficient  to  assume  the  oblileralioa  of  a  normal 
floral  circle,  and  tlie  production  of  a  second  one,  when  no  traces  of 
tbe  former  cnn  be  delected  «nd  no  clear  analogy  sliomi  with  eomB 
etrictly  parallel  inslanoe.  Yet  we  may  coufideutly  npply  (hi*  view 
wlien  we  do  find  traces  of  oblJlemled  organs,  as  in  the  Geranium 
Jamily,  for  example.  Tlie  peiitameroua  flower  of  Gemninm  exliibils 
ten  Blnmens,  plainly  oceujtyiug  two  rows,  the  five  of  Ilie  exterior 
circle  nhorler  Ilinii  the  oiher^.  One  set  of  these  stamens  alieniaiea 
with  the  petals,  the  other  is  opposed  to  ihem.  But  on  close  exami- 
nation,  we  perceive  that  it  is  flic  inner  circle  of  stamens  that  nltei^ 
nates  with  the  petals ;  those  of  the  ouler  circle  eland  directly  before 
them.  Tiiis  is  a  not  uncommon  case  where  there  are  just  twice  as 
many  stamens  as  there  are  pclals  or  sepals.  In  lliia  instance  ihe 
explannlion  of  the  anomaly  is  furnished  bf 
the  five  little  bodies  called  by  the  vaguo  and 
convenient  name  of  glands,  whidi  stand  (m 
the  receptacle  between  the  petals  and  the  slt- 
mciis,  and  regularly  oltenukte  with  the  former. 
They  accordingly  occupy  the  exnet  posilioo 
of  the  original  slamineal  drclc :  wherefore,  as 
'■'  situation  is  the  best  indication  of  the  nature  of 

organs,  we  nuiy  regniil  ihem  as  the  abortive  rudiments  of  the  fii-e 
proper  stamens,  here  oblitei-aled.  In  llie  annexed  diagram  (Fig.  421) 
these  are  accordingly  hiid  down  in  the  third  circle,  as  fii'e  email  oval 
spots,  sligljtly  shaded.  The  actual  Etnmens  conseiiuenlly  belong  to 
two  augmented  circles,  those  of  the  exterior  and  slioiler  set  of  which 
(represented  by  the  larger,  nnshuded  figures),  normally  alteninling 
with  the  glands,  i\k  of  course  opposed  to  the  petal-s  and  tliose  of  the 
inner  and  larger  set,  normally  alternating  with  the  preceding,  neces- 
sarily alternate  with  the  petals.  This  view  is  further  elucidated  by 
the  closely  idlied  genus  Erodium,  where  all  the  parts  arc  just  the 
same,  except  that  the  (ii-e  exterior  actual  stamens  are  sliorter  slill, 
and  are  destitute  of  anthers  ;  tliat  is,  the  disposition  to  suppression, 
which  has  caused  the  obliteration  of  the  primary  ciixle  of  slaineni 
and  somewhat  reduced  the  second  in  Geranium,  has  in  Krodium 
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rendered  the  latter  abortive  also,  leaving  those  of  the  third  row  alone 
to  fulfil  their  proper  office.  And  in  a  South  African  genus,  Monso- 
nia,  five  stamens  actually  occur  in  the  place  of  these  glands,  making 
fifteen  real  stamens,  or  three  circles.  The  general  plan  of  the  flower 
is  the  same  in  the  Flax  family,  except  tliat  the  glands  wliich  answer 
to  the  outer  rank  of  stamens  are  still 
less  con^^picuous,  and  those  of  the  next 
circle  are  reduced  to  small  abortive 
filaments,  or  to  minute  teeth  in  the 
ring  fonned  by  the  union  of  all  the 
filaments  into  a  cup  at  the  base,  leav- 
ing five  perfect  stamens,  which,  though 
they  alternate  with  the  petals  indeed,  belong  to  a  third  circle  (Fig. 
422,  423).  In  a  few  species  of  Flax,  tliis  second  circle  of  stamens 
ia  perfectly  obliterated,  so  that  no  vestige  is  to  be  seen. 

487.  The  complete  suppression  of  two  or  three  of  the  circles  be- 
longing to  the  complete  flower,  and  of  a  part  of  the  members  of  what 
lenudns,  reduces  a  blossom  to  the  last  degree  of  simplicity'.  Among 
the  simplest  of  perfect  flowers  arc  those  of  Callitriche  (Fig.  1136- 
1138),  which  liave  neither  calyx  nor  corolla ;  and  only  one  stamen, 
M8  13  expressed  in  the  annexed  diagram  (Fig.  42  4)  ;  yet  the  foup- 

lobed    pistil    shows 

that  the  blossom  was 
o 

ry^  (\  ^  constructed  on    the 

CAj  C<^  o  vJ  q         plan  of  four.     And 

^  ' -yz r  -Tz r'        even  this  stamen  is 

suppressed  in  cer- 
tain blossoms,  and  the  pistil  in  others.  In  Euphorbia  (als^o  to  be 
ilkistrated  under  the  family  to  wliich  it  belong-:.  Fig.  1143)  the 
llowera  are  always  separated,  and  the  staminate  blossom  is  reduced  to 
a  single  stamen,  the  pistillate  to  a  single  three-lobed  pistil  (Fig.42i>). 
And  in  the  Willow,  as  already  noticed  (438),  the  pair  of  stamens 
whidi  represents  one  sort  of  blossom,  and  the  single  pistil  which  r(>pre- 
the  other,  are  widely  separated,  being  borne  on  distinct  trees. 


VIO.  ttL    Tlower  of  Llmmi  perenne.    423.  It9  stamens  and  piHtils  enlarged. 
no.  4M»    Wagnm  of  »  perfect  flover  of  Callitriche,  with  no  floxal  envelopes,  one  stamen, 
liftSmwesDedpistfl. 

no.  43ft.    Piagimm  of  th«  monscions  flowers  of  Euphorbia :  a,  the  pistillate  flower  re- 
to  ft  ncra  threa-oeUed  pistil  j  and  6,  one  of  the  staminato  flowers  reduced  to  a  single 


of  Uie  dloeefoas  flowers  of  the  Willow :  a,  one  of  the  pLitillate  flowers 
.  to*  nUtuy  piitil ;  6,  a  staminato  flower  reduced  to  a  pair  of  stamens. 

23 
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•W8.  I'onsDRl  SlalM  of  llie  B«tp(aele,  Tlio  rereptAcle  (421)  u 
fxmuaoaly  small,  sliorl,  ami  iniTonftiiiinioits,  being  merely  llie  extrem- 
ity of  llic  flcitrer-stalk  upon  wliieh  llie  *ev- 
prul  iirgiuia  are  insertwl  (fig. 843).  Sonw- 
linie?.  however,  it  ifl  romarkably  eiiUur]gQil 
or  clungated.  A  striking  insUtni^e  of  sn  en- 
liii-g<.-il  riH^fptaele  is  found  in  NclumbiDia, 
niiere  it  is  ililnled  into  a  large  to{>-Hltspi^ 
boily,  noai'ly  enclosing  the  pistils  iu  sep- 
nriilo  ciivitJM  (Fig.  427).  ^Vlienever  llio 
pinlils  of  a  flower  are  very  numerous,  the 
"^  rcti  ptacle  is  more  or  lesi  enlarged  for  their 

imcrlion,  as  in  Mngnolin,  Uie  Kaupberry  ind  Blatkberrj,  Ac 
In  tbe  Strawberry  ibe  enlargpJ  and  cemital 
recoptaele  (Fig.  428),  bearing  the  piatils  on 
ita  surfiiee,  becomes  the  edible  portion  m 
fruit.  Ill  the  Rose  (Fig 
429)  tlie  receptacle  is 
deeply  concave,  instead 
of  convex,  being  urn- 
shaped,  invested  M  llie 
ndnale  lube  of  iIil  i-alyx, 
and  bearing  Ihe  petals 
and  stamens  on  its  bor- 
der and  the  numerous 
pistils  on  its  whole  hol- 
low surface  (Fig.  429). 
It  is  mneli  the  same  in 
CaIycanthus(Fig.814- 
819).  In  Geranium,  and  ** 

many  allied  jilants,  the  receptacle  is  prolongeil  between  the  ovaries, 
and  coheres  with  their  flylea  (Fig.  430) ;  these,  however,  sepnmting 
at  inahirily  (Fig.  431).  In  Umbelliferous  plants  n  similar  but  inor« 
slender  ]irolongation  of  the  receptacle  is  extended  upwards  betwoen 
ihc  contiguous  faces  of  the  two  uiiiled  ovaries  which  form  iliu  fruit 

fni.  13T.    Tta*  mlir^,  tiji^haprd  mxiitidii  eT  Kglnmblam,  ImuIiic  Um  pliUI*,  bi- 
yiQ.  43S.    LnDgllaJlDHl  BprUonof&Tcnngfltrairbtrry,  vblATged. 
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i  &mily.     Occasionally  o 


ire  of  tlie  inleniDdni  between 
Itctween  the  cal/x  and  the 
corolla  in  Pinks,  and  e»prciiiliy  in  Silene,  fonuing  a  stalk  witliin  llie 
ttiyx,  on  which  the  rcrit  of  the  flower  is  nuseil  (Fig.  432)  j  while 
fai  mimy  GuiUnns  llie  infer- 
Bodn  nbovc  the  circle  of 
abuncni)  is  developed,  rnis- 
faig  the  pod  on  a  etulk  of  tt3 
own.  This  is  a  common 
OM)  in  the  Otper  fiimily ; 
ID  wbieh  the  genus  Gyiinn- 
drapeia  (Fig.  433)  eslnUiis 
a  remarkable  developnifnt 
of  Ihc  wliide  receptacle.  It 
B  mbrged  into  a  flattened 
disk,  where  it  bears  the  ]>et- 
ah,  and  is  then  prolonged  '^  '^ 

into  a  conspicuous  stalk  which  bearg  the  stamens,  —  or  rather,  1o 
wImqIi  iho  bases  of  tlie  stamens  arcadnalc, — and  ilien  into  a  shorter 
md  more  iJcnder  stalk  for  the  pistil ;  thus  separating  the  four  circles 
fir  wtfi  of  organs,  like  so  many  whorls  of  TcrticiUato  leaves.  The 
general  luune  for  lliia  kind  of  stalk,  as  contradistinguished  from  the 
[miteel  or  stalk  of  llie  flower,  ia  the  Stipe  (  and  whatever  organ  or 
«et  of  organs  is  thus  elevated  is  said  to  be  tlipitaU,  Whenever  it  it 
nrcc«ary  to  partieularixc  the  portion  of  the  receptacle  thus  devel- 
oped, the  §li|>e  is  termed  the  Aiahophore  when  it  appears  just  above 
tlie  cuItx,  and  elevates  the  petals,  slamens;,  and  pis- 
tils; the  Gonophore,  when  it  gupjxirts  both  the  sta- 
■tcai  and  ])islils;  and  the  GynopAore,  Gynobaie,  or 
thrpnjAore,  when  it  bvat^  the  gjiis^'iuro  alone^  The 
■talk  which  -^omHimt^  Fitpporla  each  simple  pistil  of  llie 
gjrnscium  (aa  In  Coptis  or  the  Goldthread)  is  called 
m  Thecaphore.  Tbi«,  however,  does  not  belong  to  the 
nopptacle  at  all,  but  to  the  pblil  itself,  and  is  ho- 
BologouA  with  the  leafstalk.  •>• 

489.  i  Dilk  is  a  part  of  the  receptacle,  or  a  growth  from  it,  en- 
Ivgcd  under  or  around  the  pistil.     Like  the  other  parti  of  the  flower. 


Xto.  ta 


no.  lU.    Dlik  of  Uh  OnoEt,  D 


Ih  [hi  p(«il  {hrpogjnooj)- 


268  THE  FLOWER. 

it  is  hypogynous  (466),  when  free  from  all  union  either  with  the  pis- 
til or  the  cnlyx,  as  in  the  Hue  and  the  Orange  (Fig.  434).  It  is 
periyt/nous  (467),  when  it  adheres  to  .the  btisc  of  the  calyx,  as 

in  the  Buckthorn  (Fig.  435, 
436)  ;  and  where  the  calyx  is 
adiiate  to  the  ovary,  as  in  the 
Apiile,  Hawthorn  (Fig.  390), 
&c,  there  is  commonly  a  disk  in- 
terposed between  the  two.  The 
^  **  disk  is  sometimes  expanded  on 

the  summit  of  such  an  ovary,  when  it  is  said  to  V©  epigtpious  (469), 
as  in  Comus,  and  all  Umbelliferous  plants. 


Sect.  V.    The  Floral  Envelopes  in  Particular. 
490.  Their  Development,  or  Organogeny,  first  requires  a  brief  notice. 

The  flower-bud  is  formed  in  the  same  way  as  the  leaf-bud ;  and 
what  has  been  stated  as  to  the  formation  of  the  leaves  of  the  branch 
(273)  equally  applies  to  the  leaves  of  the  flower.  Tlie  sepals  are 
necessarily  the  earliest  to  appear,  which  they  do  in  the  form  of  so 
many  cellular  protuberances,  at  first  distinct,  inasmuch  as  then  their 
tips  only  are  eliminated  from  the  axis.  Each  one  may  complete  its 
development  separately,  like  an  ordinary  leaf,  when  the  sepals  re- 
main distinct.  Or  the  lower  and  later-eliminated  portions  of  the 
forming  organs  of  the  circle  coalesce  as  they  grow  into  a  ring,  which, 
further  developed  in  union,  forms  the  cup  or  tube  of  the  ffamopltyi' 
lous  calyx.  In  some  cases,  it  would  ajipear  that  the  sepals  may  at 
fii-st  grow  separately,  and  afterwards,  though  only  at  a  ver}'  early 
jx^riod,  coalesce  by  the  cohesion  of  their  contiguous^  parts.  The  sev- 
eral parts  of  an  irregular  cal}TC  are  at  first  equal  and  similar ;  the 
irregularity  appears  in  their  subsequent  unequal  growth.  The  pet- 
als or  parts  of  the  corolla  originate  in  the  same  way,  a  little  later 
than  the  sepals.  Their  coalescence  in  the  garaopetalous  corolla  is 
congenital ;  the  ring  which  forms  its  tube  appearing  nearly  as  early 
as  do  the  slight  projections  which  become  its  lobes  and  answer  to  the 
summits  of  the  component  ])ctals.  The  rudiments  of  the  petals  are 
visible  earlier  tlum  those  of  the  stamens  :  but  their  gi*owth  is  at  first 

FIQ.  435.    Flower  of  a  Buckthorn,  showing  a  largo  pcrigynoos  disk.    486.  VerUcal  Motioii 
of  the  8am«. 
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retarded^  so  that  the  stamens  are  earlier  completed^  and  their 
anthers  surpass  them,  or  often  finish  their  growth,  while  the  petals 
are  still  minute  scales :  at  length  they  make  a  rapid  growth,  and 
enclose  tlie  organs  that  belong  above  or  witliin  them.  Unlike  the 
sepals  in  this  respect,  the  base  of  the  petal  is  frequently  narrowed 
into  a  portion  which  corresponds,  more  or  less  evidently,  to  the 
petiole  (tlic  claw),  and  which,  like  the  petiole,  does  not  appear  until 
some  time  after  the  blade  or  expcandcd  part ;  the  summit  being  al- 
ways the  earliest  and  the  biLse  the  hitest  portion  formed.  As  the 
euvelo[W3  of  the  flower  grow  and  expand,  those  of  each  circle  adapt 
themselves  to  each  other  in  various  ways,  and  acquire  the  relative 
po^itions  which  they  occupy  in  the  flower-bud.  Their  arnmgement 
in  this  state  is  termed 

491.  Thflr  Estivation  or  Prtefloration.    The  hitter  would  be  the 

preferable  term ;  but  the  former  is  in  common  use  ;  the  word  JEsti^ 
ration  (literally  the  summer  state)  having  been  devised  for  the 
purpose  by  Linnaeus ;  —  for  no  obvious  reason  except  that  he  liad 
already  applied  the  name  of  Vernation  (the  spring  state)  to  express 
the  analogous  manner  in  which  leaves  are  disposed  in  the  leaf-bud. 
The  same  terms  are  employed,  and  in  nearly  the  same  way,  in  the 
two  cases,  but  with  some  peculiarities.  As  to  the  disposition  of 
each  leaf  taken  by  itself,  the  corresix)nding  terms  of  vernation  (257) 
wholly  apply  to  estivation.  The  arrangement  in  the  bud  of  the 
several  members  of  the  same  floral  circle  in  respect  to  each  other,  is 
of  much  im|X)rtance  in  systematic  botany,  on  account  of  the  nearly 
constant  clmracters  that  it  furnishes,  and  also  in  structunil  botany, 
from  the  aid  it  often  affords  in  determining  the  true  relative  super- 
position or  succession  of  parts  on  the  axis  of  the  flower,  by  obsen*- 
ing  the  order  in  which  they  overlie  or  envelope  each  other. 

402.  The  various  forms  of  aestivation  tliat  have  been  distinguished 
by  botanists  may  be  reduced  to  three  essential  kinds,  namely,  the 
imbricativfj  the  contorted  or  convolutive,  and  the  valvular,^ 

403.  Jmbricaiive  activation,  in  a  general  sense,  comprises  all 
the  modes  of  disposition  in  which  some  members  of  a  floral  circle 
are  exterior  to  the  others,  and  therefore  overlie  or  enclose  them  in 


•  "\Vc  shoald  properly  say  of  the  astimtlon  that  it  is  imhricatice,  controluth'^, 
ra/fi/ar,  &c.,  and  of  the  calyx  aud  corolla,  or  of  the  sepals,  &c.,  that  they  arc 
imbrintle  or  imbricated,  convolute,  valaite,  &c.  ill  ocstivation ;  but  such  precision 
of  language  is  seldom  attendeil  to. 
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the  bud.  This  most  ahnost  necessarily  occur  wherever  the  parts 
are  inserted  at  distinguishably  different  heights,  and  is  the  natural 
result  of  a  spiral  arrangement.  Tlie  name  is  most  significant  when 
successive  leaves  arc  only  partially  covered  by  the  preceding,  as  in 
Fig.  207.  Here  they  manifestly  break  joints,  or  are  disposed  like 
tiles  or  shingles  on  a  roof,  as  the  term  imbricated  denotes.  It  is 
tliereforo  equivalent  to  the  spiral  arrangement :  and,  on  the  other 
hand,  we  proi>erly  apply  the  term  imbricated  to  any  continuous 
succession  of  such  partly  overlying  members ;  as  when  we  say  of 
appressed  and  crowded  leaves  that  they  are  imbricated  on  the  stem, 
or  thus  express  the  whole  arrangement  of  the  scales  of  a  bud 
(Fig.  153),  or  a  bulb  (Fig.  172),  or  of  a  catkin  or  cone  (Fig.  209). 
The  alternation  of  the  petals  with  the  sepaLs,  &c.  necessarily 
renders  the  floral  envelopes  likewise  imbricated  in  the  bud,  taken  as 
a  whole.  But  in  proper  aistivation,  what  we  have  to  designate  is 
the  arrangement  of  the  parts  of  the  same  floral  circle  (say  the  ^\q 
sepals  or  the  five  petals)  in  respect  to  each  other. 

494.  Now  when  the  sepals  ot 
^,<=::^x.  v^i^^''^^'^^^         *^'^  petals  are  three  in  number, 

^^     ^^\       y^^^^^^x      ^"^  ^^  regularly  imbricated  in 
1\1      ((ii  m\    the  bud,  as  in  Fig.  437,  the  three 

leaves  are   arranged  just  as  in 
three-ranked    phyllotaxis    (238, 
437  43d  Fig.  203)  ;  that  is,  with  the  first 

petal  exterior  to  the  others,  the  second  is  cov(*red  by  the  first  on 
one  side  while  it  covers  the  third  on  the  other.  AVhen  they  are  five 
(as  in  the  calyx  of  Geranium,  Fig.  439),  they  are  disposed  just  as  in 
five-ranked  or  quincuncial  phyllotaxis  with  the 
axis  shortened  (240,  Fig.  20G) ;  viz.  two  leaves 
are  exterior,  two  wholly  interior,  and  one  (the 
third)  with  one  edge  covered  by  No.  1  on  one 
side  while  it  covers  No.  5  with  its  other  edge.  So 
that  this,  the  regular  mode  of  imbrication  when 
the  parts  are  in  fives,  is  termed  quincuncial  aes- 
tivation, or  the  parts  are  said  to  be  qtnncuncially 


439 


no.  437.  Diagram  of  a  three-leaved  (trimerouji)  calyx  and  corolla,  boUi  Imbricated  In 
aeBttTation. 

FIQ.  i38.  Diagram  of  the  fPRtiration  of  three  petals  (or  one  circle  of  the  petali)  of  Magno- 
Ua,  similarly  imbricated,  but  strongly  enwrapping,  each  making  nearly  a  circle. 

FIG.  439.  Diagram  of  the  imbricativo  a^stiration  of  the  calyx  and  the  couTv^uUTe  KsCiTV 
tion  of  th«  corolla  of  Gexmnium  ;  the  sepals  numbered. 
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imbricated.  We  hBve  Iwre  the  adrantnge  of  being  able  to  number 
the  Buccessive  scpak,  or  pelald,  since  the  third  leaf  b  not  only  recog- 
nizable b^  ita  intermediate  position,  but  aUo  indicates  tim  dirtction 
in  which  the  spiral  tuina  (Fig.  20C  and  Fig.  430). 

405.  It  tnuttt  be  recollected,  in  the  compnrison,  that  tlic  parl.s  of 
BDoccsaivc  cycles  are  superposed  in  the  foliage,  while  those  of  Iha 
Aond  dreles  alternate.  Segular  imbrication  in  the  4-merous  flower 
gives  two  outer  and  two  inner  members  in  rostivalion  {an  in  llio 
odyx  of  Cruciferous  blossoms,  Fig.  3G7),  on  tEie  principle  of  two 
deciusating  pairs  of  leaves  (441)  ;  or  it  may  somelimcB  bu  refer- 
able to  a  modiUcaiion  of  eome  alternate  spiral  armngcmcht. 

496.  The  degree  of  overlapping  depends  upon  the  brchdlh  of  the 
parte  and  the  slate  of  the  bud  ;  it  naturally  grows  less  nnd  Ics^  as 
the  bud  expands  and  is  ready  to  open.  It  is  from  the  full-gi-owu 
flower-bud,  just  before  anthesia  (or  the  opening  of  the  bl<Kj$oniJ,  ihiiC 
our  diagrams  arc  usually  taken ;  in  which  the  ]>arts  are  rcprc^t-nlcd 
as  moderately  or  slightly  overlapping.  The  same  overlapping  ciir- 
ried  to  a  greater  extent  will  cause  the  outer  leaf  to  envelope  ail  the 
rest,  and  each  succeeding  one  to  envelop  those  within;  as  shown  in 
Fig.  438  from  one  circle  of  petals  of  a  Magnolia  taken  in  an  early 
KtAte  of  tltc  bud.  To  this,  however,  has  not  improperly  been  applied 
lite  name  o{  com-olate,  from  ils  similarity  to  the  convolute  vcmatiou 
of  tliC  leaves  of  the  branch  (257),  eimilorty  rolled  up  one  wirliiii  the 
other.  But  it  is  practically  inconvenient,  and  wrong  in  principle,  to 
denignate  different  degrees  of  llic  very  same  mode  by  distinct  nitmes ; 
furtherraore,  it  is  to  the  next  general  mode  of  a-stivation  thai  the 
name  of  comvliUe  is  more  commonly  applied,  at  lca.st  in  recent  .'^ys- 
temalic  botanical  writings. 

497.  There  arc  numerous  ca^cs  of  inibricalive  icsliTttiion,  e.spe- 
rially  in  irregular  flowers,  where  the  overlapping  of  parts  does  not 
altogether  accord  with  what  must  needs  be  tlicir  order  of  succes- 
sion on  the  axis.  In  the  5-merous  calyx  and  corolla  of  all  truly 
papilionaceous  flowers,  for  example,  one  c<lge  of  the  scpnl  or  llie 
p*^  No.  2  is  placed  under,  instead  of  over,  the  adjacent  edge  of 
Xn.  4,  in  consequence,  of  which  three,  inste.id  of  only  one,  of  llie 
laAves  have  one  edge  covere<l  and  the  oihcr  external;  as  is  shown 
in  Fig.  358.  Since,  in  the  corolla  of  this  kind  of  blossom,  the  ex- 
terior petal,  hero  the  vcxillum  (472),  is  the  larger,  and  at  first  cm- 
l«nccs  all  the  rest,  this  mo«lilication  of  inibricalive  Dslivntion  lias 
received  th«  name  of  vtxiBaiy.     As  nearly  the  sume  ihii 
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in  the  Violet,  it  is  probably  caused  by  some  slight  dislocation  that 
takes  place  during  the  eai'ly  growth  of  organs  in  the  irregular  blos- 
som.   It  id  not  restricted  to  irregular  flowers,  however,  but  occurs 

as  a  casual  variation,  or  perhaps  more  frequent- 
ly tlian  the  quincuncial,  in  the  regular  corolla 
of  the  Linden  (as  is  sho^^Ti  in  Fig.  440).  A 
slight  obliquity  in  the  position  of  the  petal  Na 
2,  assumwl  at  an  early  period,  would  account 
for  the  whole  anomaly.  Tliat  this  suggests 
the  tnie  explanation  is  almost  demonstrated  by 
the  vaiying  aestivation  of  the  corolla  of  the 
Linden ;  in  which  the  same  bunch  of  blossoms  often  furnishes  in- 
stances  of  regular  quincuncial  imbrication,  of  the  modification  here 
referred  to,  and  of  a  similar  disposition  of  the  fifth  petal,  throwing 
one  of  its  edges  outwards  also.  If  the  first  petal  M'ere  also  to  par- 
take of  this  slight  obliquity,  the  ijnbricative  would  be  completely 
converted  into  what  is  variously  named 

498.  The  contorted,  ttPisted,  or  convohuive  aestivation  (Fig.  439, 
441,  the  corolla,  and  442).  In  this  mode,  the  leaves  of  the  circle  are 
all,  at  least  apparently,  inserted  at  the  same  height,  and  all  occupy 
the  same  relative  jwsition :  one  edge  of  each,  being  directed  ob- 
liquely inwards,  is  covered  by  the  adjacent  leaf  on  that  side,  while 
the  other  covers  the  corrosiwnding  margin  of  the  contiguous  leaf  on 
the  other  side.  This  is  owing  to  a  torsion  or  twisting  of  each  member 
on  its  axis  early  in  its  development ;  so  that  the  leaves  of  the  floral 
verticil,  instead  of  forming  arcs  of  a  circle,  or  sides  of  a  polygon 
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having  for  its  centre  that  of  the  blossom,  severally  assume  an  oblique 
direction,  by  which  one  edge  is  carried  partly  inward  and  the  other 
outward.     Tliis  contorted  aestivation  is  rare  in  the  calyx,  but  com- 


FIQ.  440.    Diapjram  of  the  plan  nnd  irstiration  of  the  flower  of  the  Linden. 

FIQ-  441.  Diagram  of  the  imbricated  calyx  of  Wallflower  (two  outer  and  two  inner  aepalf), 
and  within  the  strongly  contorted  or  convolute  corolla.  442.  Corolla  of  the  latter  more  open. 
443.  Croes-section  of  the  plaitod  tube  of  the  corolla  of  Campanula.  444.  Similar  section  oC  tlM 
plaited  and  luperroluto  corolla  of  Conrolvulus. 
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■on  enough  in  the  corolla.  AVh(?n  (his  obliqiiilj'  of  position  is  Birong, 
Ibe  peiaU  ihemselvcs  are  usually  oblique,  or  unequiil-sided,  from  the 
later  gron-th  of  the  overlnppetl  siile.  This  is  well  seen  in  the  pet- 
ib  oT  moGt  Mnlmecous  pinnis,  and  in  those  of  the  St.  Johnswort.  In 
Ihe  F!nk,  however,  and  in  many  oilier  imtiuices,  the  pelnb  nre 
ipimeiriciil.  allliougli  Btrongly  eonvolulo  in  (cslivnlion.  Wien  the 
pitib  are  broad,  lliis  eonvolulo  niTangement  is  frequently  con^picu- 
OW  m  Ibe  fully  expanded  flower,  ns  well  as  in  the  bud.  Tlie  con- 
Tulntioa  in  the  bud  is  ofien  so  greal,  lliat  the  petaU  nppenr  as  if 
Sniigly  twtsied  or  rolled  up  together,  eaeli  being  nhnwt  completely 
mriapped  by  the  pi-eceding,  so  that  they  become  com-olute  nearly 
btbe  scn^c  in  whieh  the  term  Is  used  in  vernation  ;  as  in  Ihe  Wtdl- 
Bwrer  (Fig.  441,  442).  Although  there  is  some  diversity  of  u^age, 
the  Itnus  eonvoiule  and  contorted  in  restivniion  are  now  for  the  most 
|«t  employed  inlcrcliungeiibly,  or  nearly  so. 

IM.  Tlie  ra/ni/(ir  or  valcate  [eslivation  is  that  in  which  the  parts 
(Ta  floral  circle  are  placed  in  contact,  edge  to  edge,  throughout  their 
wh^  length,  without  any  overlapping,  as  in  the  calyx  of  the  ]UnI- 
Inr  and  Linden,  Fig.  440.  Here  the  members  of  the  circle  sland  in 
ocxBCt  circle,  no  one  being  in  the  least  degree  lower  orcxlerior. 
Tin  edges  of  the  ecjhiU  or  petals  in  this  ca^e  arc  generally  abi'upt, 
(rai  (liick  ns  the  rci^t  of  Ihc  organ  ;  by  which  mark  the  valvalc  a^ 
liwion  JOAj  commonly  be  rvcf^i/cd  in  Ihe  expanded  flower. 

500.  By  inflexion  of  the  edges,  the  valvato  tc«livation  passes  by 
piditions    inio    the    iiidupticale    (Fig. 

ttS),  and  this,  when  the  margins  arc  in-      f(i^        IdG? 
'"■  into  Iho  t«tt</M(«  (Fig.  446),  i     '  '^ 
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il  by  the  calyx  of  different  spe- 
Cknuttis.  On  the  other  hand,  the 
oilyxof  manyMalvaecous  planid  "'  *** 

'fte  mnrgiiis  projecting  outwards  into  salient  ridges,  or  is  ndupli 


Wl.  In  the  ilignonelle,  and  some  other  flowers,  the  icslivalion  is 

•pw ;  llrnt  i-s  tlio  calyx  and  corolla  are  not  closed  at  all  over  the 

itter  ports  of  Ihc  flower  in  the  bud. 

AM.  Tlio  form  of  the  tube  of  the  calyx  or  corolla  in  the  bud 

to  be  considered.     Sometimes  it  is  plicate,  or  plaited 

iwiK  ;  and  the  phiils  may  be  tumed  either  inward:-,  as  in  the 


n  of  Uw  nlnu-lDdupUnts  mUt 
Jknuitii  TIticellm  Uia  mirEliig  Iqto 
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corolla  of  Gentians,  or  outwards,  as  in  that  of  OunpanQla  (Fig.  443). 
When  these  plaits  are  laid  over  one  another  in  a  coriTolute  manner, 
as  in  the  nnopened  rorolk  of  the  Morning-Gkxf 
(Fig.  4-14)  and  Stramonium  (Fig.  447,  448),  the 
testivntion  is  said  to  bo  MupercobUe. 

503.  The  direction  of  the  sjnre  or  the  orerlap- 
ping  of  parts  may  be  either  from  left  to  right,  or 
from  rigtit  to  left ;  and  this  direction  is  generally 
uniform.  In  indicating  tlie  direction,  it  is  most 
natural  to  suppose  the  observer  to  stand  before 
the  flower-bud.  DcCandolle,  indeed,  supposes  the 
observer  to  occupy  thd  centre  of  the  flower,  whicli 
would  reverse  the  direction  ;  but  the  former  is  the 
prev-alent  view.  The  direction  is  frequently  re- 
versed in  passing  from  the  calyx  to  the  corolla, 
Eoraetimes  with  remarkable  uniformity;  while 
again  the  two  occur  almost  indifferently  in  many 
cases.  The  tind  of  fe3ti\-ntion,  although  often  the  same  both  in  the 
cnlyx  and  corolla,  —  as  in  Famassia  (Fig.  381)  and  Elodea  (Fig. 
375),  where  both  are  qui ncuncially  imbricated, — is  as  frequent^ 
different ;  and  the  difference  is  oden  cliaracteristic  of  families  or 
generiL  Thus,  the  calyx  is  vntvalc  and  the  corolla  convolute  in 
all  M.ilvacea; ;  the  calyx  imbricnted  and  the  corolla  convolute  in 
Hypericum,  in  the  proper  Pink  tribe,  &c.  LSolitary  exceptions  no* 
and  ibon  occur  in  a  family.  Thus,  the  corolla  in  Rosacece  is  imbri- 
cated, so  far  as  known,  except  in  Gillonin,  where  it  b  convolute.  In 
general  it  may  be  said,  (hat  the  a;stivation  of  the  corolla  is  less  con- 
stant than  that  of  the  calyx. 

504,  The  Caljl.  In  treating  of  the  general  (structure  and  dive^ 
sitica  of  the  flower,  we  Imvo  already  noticed  the  princiivil  modifi- 
cations  of  the  cnlyx  and  corolla,  as  well  as  many  of  the  terms  em- 
l>loyed  to  designate  tliem ;  which  need  not  be  here  repented. 

505.  The  number  of  sepals  tliat  enter  into  the  ccmiposi^ini  of  A 
calyx  is  indicated  by  adjectives  formed  from  the  corrcspondhig 
Gi-cek  numerals  prefixed  to  llic  name ;  as,  dltepahiu,  for  a  calyx  of 
two  sepals  ;  Irisepaloug,  of  three  sepals ;  tetrasepalous,  of  four ;  ptSi' 
fmepalous,  of  five ;  hexaaepahus,  of  six  sejtnls  ;  and  so  on.  Very 
c<HnmonIy,  liowevcr,  the  Greek  word  for  leaves,  phjfla,  is  used  in 

no   MT.    Summit  of  ttH  nDnpudtdednUi  of  OMun  mWMdfL    MB.  TfumntM- 
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Mill  rompcuilion  ;  and  t1ic  cn]yx  ii  m\A  to  bo  diphylhtts,  iriphyUout, 
tttraph^out,  pantapfiyBoiK,  hxaphi/lloits,  &c,  acconliiig  as  it  U  com- 
pofiod  of  two,  ihroo,  four,  five,  or  six  If^ftves  or  scpala  rcspoclivi'Iy. 
Thtse  itTTOs  implj-  that  the  leaves  of  tlie  cnlyx  aro  distinct,  or  m'urly 
so.  Wben  tliey  are  united  into  a  cup  or  lube,  ihe  cailyx  vsa  tiy  tho 
eaiiier  bolani^ls  inroiTcctly  said  to  be  monopliyBout  (literally  ono- 
leavul) ;  —  a  term  which  we  continue  lo  use,  guarding,  Iiowever, 
ftgninst  ihc  ciToncous  idea  which  its  etymology  involve^  and  bctiring 
10  nilud  that  the  older  technical  limgungc  in  botany  13  fmmdcd  i]])on 
exlmml  appearance,  and  not  tho  real  eirueture,  aa  we  now  undcr- 
ftand  it.  The  correct  teiin,  ealyx  gamirphyVans,  is  now  coming  iulo 
ntc !  this  literally  expresses  the  true  stale  of  the  ease,  and  is  eqiiiva- 
knt  to  the  plira.-'O  tepalt  united  ;  iho  degree  of  coBlosccnoe  being  Jn- 
dimtrd  by  adding  "  at  the  bnse,"  "  to  the  middle,"  or  "  to  the  Eum- 
nut,"  as  the  case  may  be.  Still,  In  botanical  descriptions,  it  is  usual 
Bwl  ofdinarily  more  convenient  lo  regard  the  calyx  as  a  whole,  and 
(0  nprv^  tlie  degree  of  miion  or  eeparation  by  the  fame  terms  as 
tbo<e  wbich  designate  the  degree  of  division  of  the  blade  of  a  lenf 
(381  — S87)  :  &«,  for  example,  Cu\yx  fvr-toolheil,  when  the  Fepnb  of 
a  ])ecil;4>hytlous  calyx  are  iitiitol  almost  lo  tl)e  top ;  five-cfrft,  when 
muted  to  about  the  middle ;  Jirt-parted,  when  they  are  Keparalc 
almost  to  the  base ;  anA  Jii'e-iobfd,  for  any  degree  of  dinsion  leaa 
than  (ire-paned,  without  reference  lo  its  particular  extent. 

S0&  Tlie  united  portion  of  a  gainophyllous  calyx  is  called  its 
ok,'  the  distinct  porlioni^  of  ihe  sepals  are  termed  tlie  tetlh,»eg- 
amte,  or  lobrt,  according  to  their  length  as  compared  with  the  tube  s 
and  the  oriiico  or  eummit  of  the  tube  is  named  the  throat.  Tho 
caljrx  ia  said  lo  be  entire,  when  the  leaves  of  ihc  calyx  are  ki  com- 
plettJy  ranJIucnl  that  the  margin  is  conlinuous  and  eveii.  The  terms 
nyibr  and  iVreyu/nr  (446,  471)  are  applied  to  ihe  caljTC  or  corolla 
Hfai«l«ly,  as  well  as  10  the  whole  flower.  The  eounlerpnrl  lei-m  lo 
alyx  monophyllous  or  monosepalous,  li  potyp/iylfous  or  poli/tepalout 
{tb.  of  many  tea\-es  or  scpaU).  Tliis  is  etiuivalent  lo  the  phrase 
apob  dMnet ;  and  does  not  mean,  n^  the  etymology  might  lead 
MW  lo  wpjiaie,  llint  they  arc  unusually  numerous. 

Sffi.  Hk  Corolla  has  corresponding  terms  applied  to  its  modiHca- 
llea*.  When  iLi  jielals  are  distinct  or  unconnected,  it  is  eaid  lo  be 
.-  when  united,  at  least  nt  the  base,  Tnotiopelnlotts,  or 
rly  gamopetnlous,  a=  already  explained.  Various  de- 
=lHj»n  in  Fig.  450-460.     The  uiiiiidpor- 
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lions  in  (he  latter  case  fonn  the  luhe  of  the  corolla ;  the  distinct  puti 
are  the  loliet,  KgmttiU,  &c. ;  and  the  orifice  is  called  the  tkmt, 
juat  Bn  in  the  calyx.  The  number  of  parts  Ihnt  compose  the  con^ 
is  designnted  in  the  manner  alrcaily  mentioned  for  the  calyx  i  rii. 
a  corollK  of  two  pelaU  is  dipelalout ;  of  three,  tripetaious  ;  of  four, 
Utrapttdloiit ;  o!  &va,  ptnlapetalout ;  of  six,  hexajtetalotu  ;  of  seven, 
heptapetalout ;  o£  eight,  octopelalo  us ;  of  time,  eitneapetalout ;  often, 
deeapetahut. 

508.  Frequently  the  petals  (and  rarely  the  sepals)  taper  into  • 
stalk  or  narrow  ho-ie,  analogous  to  the  petiole  of  a  leaf,  which  ii 
called  the  claw  {un^nii)  ;  and  hence  the  petal  is  said  to  be  unguitu- 
late;  na  in  Cruciferous  flowers  (Fig.  405),  the  Pink  family  (Fig. 
432),  and  G>-nnndropsis  (Fig.  433),  &c. ;  the  expanded  portion,  like 
that  of  the  leaf,  being  distuiguished  by  the  name  of  the  lamina,  Smb, 
Ot  Hade. 


509.  Some  kinds  of  polypelnlous  flowers  receive  pnrlicular  name^s 
from  the  form  or  aiTangcraent  of  their  floral  envelopes  especially  of 
the  corolla,  Thoy  may  be  divided  into  the  regular  and  the  irregular, 
—  terms  which  have  already  been  defined  (416,  471).  Among  tlie 
regular  forms  wc  may  mention  the  rosaceous  flower,  like  that  of  the 
Rose,  Apple,  &c.,  where  the  five  spreading  petals  have  no  chiws,  or 
very  short  ones  ;  the  Itliaeeout,  of  which  the  Lily  is  the  ijijc,  where 
the  claws  or  ba.=e  of  the  petals  or  sepals  are  erect,  and  gradually 
spread  towards  their  Eununits  ;  the  caryoph^laceous,  as  in  the  Rnk 
and  its  allies  (Fig.  440),  where  the  five  [Xiluls  liave  long  and  narrow 

no.  449.    CanlUof  SoBpwoit,or  flTigei>uste,lcing-c1airnloruiie'MiciiIn(ipetiti. 
FIO.  450.    Floim  of  OlUa  or  Iponxipdi  coronor'Coll*  i  Urn  puti  ininFrini  (DUwelindt 
Om  prtali  of  U»  but  figure  ben  >]]  unltsl  Into  *  lulw. 
FIO.  4G1.    fknrer  c<  tbe  Cj'prea'TliH ;  tbe  peUli  *  Ullta  tirther  unltad  into  »  flnJaM 
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dKwe,  vhich  are  enclosed  in  the  tube  of  the  calyx ;  and  the  erueiatt, 
or  crtteiform,  which  gives  lu  name  to  the  Mustard  family,  where 
the  four  unguiculate  petals,  diver^ng  equally  from  one  another, 
aie  necessarily  disposed  in  the  form  of  a  cross,  aa  in  the  Mustard 
(Big.  405).  Among 
the  irregular  polypeto- 
loos  flowers,  which  are 
extremely  varicJ  in 
different  families,  tho 
papilionactout  or  but-  ui  tu  <« 

Ur/ly-thaped  conUn  of  the  Pulse  family  is  the  most  familiar,  and 
has  already  been  illustrated  (471,  Fig.  392). 

510.  Several  forms  of  the  gamopetalous  corolla,  or  gamophyl- 
kxis  calyx,  have  been  dLflinguished  by  particular  names.  These 
are  likewise  divided  into  the  rtgular,  where  their  ports  are  equal  in 
size,  or  equally  united  ;  an<l  the  irregular,  where  their  size  or  de- 
gree of  union  is  unequal  (471).  Among  the  former  are  the  earn- 
panvlale  or  btJl-thaptd,  as  the  corolla  of  the  Harebell  (Fig.  456), 
which  enlarges  gradually  and  regidarly  from  the  base  to  the  summit ; 


the  in/undibuli/orm,  or  funnel-tJiaptd,  where  the  lube  enlarges  very 
gradually  bctow,  but  expands  widely  at  the  summit,  as  in  the  corolla 
of  Morning-Glory  (Fig.  1035  and  4u2)  ;  tulmlar,  where  the  fonn  is 
lomewhat  cylindrical  throughout,  as  in  Trumpet  Honeysuckle  j  kypo- 
emUriform  (more  correctly  hi/pocraUrimorphous),  or  talv^-thaped, 

no.  lES.    R««>M  or  wlHd^lBpcd  nul  flTe-puted  condla  of  tbg  KUanut  (Solum 

no.  451.    Wb«l4bkp(d  udaTt^ktlnnUii  or  the  Fommon  Potato. 

na.VA.    HwUbhM  tBlinudopn  MUh>pfdc<iniUso(>GnnuidChRrr(I'liTaU4. 

no.  16S-  Ciopuulito  cmlla  of  Iba  lUnlwU,  Cunpunl*  rotnikdiralte.  1ST.  Sdnr- 
*i|il  iiiiilli  r  rill  I  vs.  LablaI>(riBgEDl1»nUi  oTLuniami  ailikaTlew.  UO.  Vo' 
MMMeenUkofABllRUiiBB.    MO.  rcnanta  Mnlb  cC  Uii*ib,  tlKimd  tt  th*  tea. 
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where  the  limb  spreads  at  right  angles  with  the  summit  of  the  more 
or  less  elongated  tube,  as  in  the  corolla  of  Cypress- Vine  (Fig.  451) 
and  Phlox  (Fig.  457)  ;  and  rotatey  or  wheel-shaped,  when  a  hypo- 
crateriform  corolla  has  a  very  short  tube,  as  in  the  Forget-me-not,  Bit- 
tersweet (Fig.  453),  and  Potato  (Fig.  454). 

511.  The  principal  irregular  gamopetalous  or  gamophyllous  forms 
that  have  received  a  separate  appellation  are  the  ligukUe  or  strap- 
shaped^  which  has  already  been  explained  (473),  and  the  labiate  or 
bilabiate.  The  latter,  as  already  stated,  is  produced  by  the  unequal 
union  of  the  sepals  or  petals  (473),  so  as  to  form  an  upper  and  a  lower 
part,  or  two  lips,  as  they  arc  called,  from  an  obvious  resemblance  to 
the  open  mouth  of  an  aninud  (Fig.  458  -  460).  Tliis  variety  is  air 
most  universally  exhibited  by  the  corolla  of  the  Sage  or  Mint  family 
(which  is  therefoixj  called  Labiatae),  as  well  as  of  several  related 
families  ;  and  the  calyx  is  frequently  bilabiate  also,  as  in  tlie  Sage. 
And  since,  in  the  corolla  of  these  families,  two  of  the  five  petals 
enter  into  the  composition  of  tlie  upper  lip,  and  three  into  that  of  the 
lower,  this  is  necessarily  inverted  in  tlie  bilabiate  calyx,  three  of  the 
sepals  combining  to  form  the  upper  lip,  and  two  to  form  the  lower. 

512.  "When  tlie  upper  lip  is  arched,  as  in  the  corolla  of  Lamium 
(Fig.  458),  it  is  sometimes  called  the  gaha,  or  helmet,  Wlien  the 
two  lips  are  thus  gaping  and  the  throat  open,  the  corolla  is  said  to 
be  rinyent.  When  the  mouth  is  closed,  or  partly  so,  by  an  elevated 
portion  or  protuberance  of  the  lower  lip,  called  the  palate^  as  in  the 
Snapdragon  and  Toadflax  (Fig.  459,  400),  the  corolla  is  said  to  be 
personate,  or  masked. 

513.  In  the  Snapdragon,  the  base  of  the  corolla  is  somewhat  pro- 
tuberant, or  saccate,  on  the  anterior  side ;  in  the  Toadflax,  the  pro- 
tuberance is  extended  into  a  hollow  spur,  A  projection  of  this  kmd 
is  not  uncommon,  in  various  fiimilies  of  plants.  One  petal  of  the 
Violet  is  thus  spurred  or  calcarate  (Fig.  397) ;  so  is  one  of  the  outer 
petals  in  the  Fumitory,  and  each  of  them  in  Dicentra  (Fig.  370).  So, 
also,  one  of  the  sepals  is  spurred  or  strongly  sac-shaped  in  the  Jewel- 
weed  (Impatiens),  and  the  Larkspur  (Fig.  398)  ;  and  all  five  petals 
take  tliis  shai)e  in  the  Columbine.  A  monster  of  the  Toadflax  is 
occasionally  found,  in  which  the  fo*ir  remaining  petals  of  the  five 
which  enter  into  its  comi>osition,  affect  the  same  irregularity,  and  so 
bring  back  the  flower  to  a  singular  abnormal  state  of  regularity, 
Tliis  was  called  by  Linnaius  Peloria  ;  a  name  which  is  now  used  to 
designate  the  same  sort  of  monstrosity  in  different  flowers. 
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.  The  petaU  are  eometimea  furnished  with  appendngts  on 
tlwir  inner  surfiice,  siicli  as  the  crown  at  the  summit  of  tlie  t^law  in 
S«lcne  (Fig.  373,  449),  and  the  svaXaa  similarly  situated  on  the 
gamopelnlous  corolla  of  the  Comfrey,  &c.  These  appendages  somc- 
tioiea  represent  a  circle  of  sterile  and  metamoqihosed  stamens  ;  but 
Hwre  commonly  they  seem  really  to  belong  lo  the  petal. 

515.  As  to  duration,  sometimes  tlie  floral  envi^lope^  are  caducous, 
'i.&faUtngotrwhenthobIossomopen^, as  tlie calyx  in  the  Pop(>yfum- 
'  Uy  Mid  the  corolla  of  the  Grape- Vine  (Fig.  384).  More  commooly 
,1hej  atf!  drciiluoitt,  or  full  aftfr  cxpanMon,  but  before  the  fruit  forms. 
When  they  remain  until  the  fruit  ia  formed  or  matured,  they  are 
jptrtitUnt,  which  is  often  the  case  with  the  calyx,  e-tpecially  when 
'H  bas  a  green  color  and  foliaceous  texture.  "Wheu  they  per|sist  in  a 
diy  or  witlicring  slate,  as  the  corolla  of  Heaths,  Campanula,  Ac, 
thrf  are  said  to  be  marcetcent. 

516-  Besides  serving  as  organs  of  protection,  the  fie])nl<i,  when 
igreen,  assimibte  sap,  and  act  upon  (he  air  like  ordinary  foliage  (344, 
i8l5)>  The  petals,  like  other  uncolored  (that  is  greenless)  parts,  do 
'DM  evcdve  oxygen,  but  abstract  it  from  the  air,  and  give  olf  carbonic 
jadd;  in  otlier  words,  Ihey  decompose  assimilaled  matter, — n  pro- 
iceH  which  appears  to  be  needful  in  flowering,  and  to  subsen'e  some 
jijiqtorUmt  end  at  the  time  (3C8-373),  The  tissue  of  a  petal  is 
limcb  the  Himc  as  that  of  a  leaf,  except  that  it  is  much  moi'e  delicate 
•Bad  the  fibro-vascular  system  is  generally  reduced  to  slender  bundles 
'of  K  few  spiral  vessels,  &c.,  which  form  its  veins. 


Sect.  VI.    The  Stamens. 

517.  Tht  Slanuni  have  already  been  considered  in  a  general  way 
1(418).  Before  describing  their  structure  more  particulaily,  the 
pinapal  terms  wliicit  reUte  to  their  number,  connection,  and  posi- 
tion may  be  mentioned.  Most  of  tlieae  terms  were  devised  by  Lin- 
ptana  as  names  of  the  classes  of  his  Artificial  System  of  chu^ilicniion 
(Phvt  IL  Chap.  rV.),founded  mainly  upon  ctiaraclers  funiislied  by 
the  Mamcns.  TlieJr  number  in  a  flower  ia  accordingly  expressed 
hj  ihe  names  of  the  eleven  or  twelve  earlier  Ltnnienn  eUisses  (990), 
pot  into  ailjeeiive  form.  Thus,  a  flower  with  one  stiunen  is  said  to 
;  wilh  two,rfia»irfro««,'  with  three, /noarfrouj  ;  with 
lut;  with  five,  ^enConcfrOM ;  with  six,  hexaHdrout; 
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vriih  ECTen,  heptandrmts ;  with  ciglil,  oetandrova ;  with  nine, « 
droui ;  with  ten,  decandroui  ;  with  twelve,  dodecandroui.  Wlien 
more  than  iwelve,  and  inserted  on  the  calyx,  ihey  are  iiQcandrout,  or 
when  inserted  on  the  receptacle  poli/andraut. 

518.  As  to  their  union  with  each  other,  this  may  tukc  place  io 
vaiHoua  ways,  Somelimea  the  fihunenia  are  combined,  while  the 
nnthera  are  distiucL  When  thus  united  by  their  filaiiicnls  into  one 
set,  they  are  said  Io  bo  monadelphoui ;  as  in  the  Lupine,  &c.  (Fig, 

462)     nnd      Mallow. 

■Wlien  united  liy  their 


Ulan 


diadtl- 
phoat,  as  in  most 
plimt^  of  the  Pul$e 
family,  where  nine 
stamens  form  one  set 
and  the  tenth  la  »>li' 
tary  (Fig.  461);  and 

in  Dicentra  (Fig.  3S9- 371),  where  the  six  stamens  are  equally  ccnn- 

bined  in  two  Bets,    When  united  or  ar- 
ranged in  tliree  seta  or  parcek,  Ihey  nro 

said  to  be  trladelplioui,  as  in  the  com- 
mon St,  Johnswortj    or  if  in  severnj, 

polyadelphous ;   as  in  Linden.     When 

stamens  ere  united  by  their  anthers  into 

a  tube  or  ring,  Ihey  are  said  to  be  tj/n- 

gmtsiou*  (Fig.  4G3,  464).     This  occurs 

in  the  whole  va-st  order  of  Composila?. 

Hero  the  five  filaments   are   distinct ; 

whereas   in  Lobelia,  and  also  in  the 

Melon  and  Gourd  (Fig.  465,  46C),  both 

the  filaments  nnd  the  anthers  are  united ;  that  is,  the  s 

monodelpliDus  as  well  as  syngenesious. 

519.  As  to  insertion,  stamens  are  hi/poffynoui  (4GG)  when  bomc 

on  the  receptacle,  that  is,  when  not  adnuie  to  any  other  organ ; 

FIG.  tSl.    Dladriphsuj  lUDiFSi  (}  and  1)  or  (  r«.     VH.  llcvitdclpboui  Huunu  of  i 

1\0.  Va.    FlToayTip>n«lQiuslunFniDr>CoinpoelU.    WA.    Tbn  Bina,  Iiid  npni. 
no,  4Gi>.     CuIiudu  at  iUukmu,  m  ddfc  triiid«lpbau9  lad  ■jdpdciIdiu,  of  tbi  OniTd :  VBa 
Eonl  coTclopTf  cut  cnr.    VA.  A  croH^toUoa  dT  the  DsJUd  uiUiui,  niarlj  Uw  actaid  ria. 
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ftrifjfnmu  (4G7)  when  borne  on  or  ndnofc  to  any  pnrt  of  llie  calyx  j 

ipipttalout,  when  borne  on  llic  rarolln,  as  in  the  greater  number  of 

monop^ialoua  flowers;   and  epii/ynotis  (469), 

when  borne  on  iKc  ovnry.     In  some  citaea  the 

■dintion  proceeds  further,  nud  the  stamens  are 

inserted  on,  i.  e.  arc  consolidated  wiih,  tho 

iljle,  as  in  llie  Orchis  family;  llien  lliey  are 

nid  to  be  ffynnadroui  (Fig-  4C8). 

520.  There  are  two  cases  in  which  inequal- 
ity in  the  lenglti  of  Ihe  filaments  is  expressed  by 

X  technical  term.     Namely,  the  stamens  are 

(■id  lo  be  didynamoui  when,  being  only  four 
innambcr,  they  are  in  pairs,  and  one  pair  is 
longer  than  the  other;  as  in  Gei-ardia  (Fig.  407), and  in 
with  a  bilabiate  corolla.  And  they  are  tctradyiiamous 
tit  m  number,  two  arc  sliorler  llian  tho  remaining  four 
tini  and  ail  that  family  of  plants  with  Cruciferous  flowen 
521.  A  Btamen  consistd  of  its  ^lament  and  its  w 
Tbft  filament,  being  a  mere  stalk  or  support  of  the  anther,  is  not  an 
tHcniifl]  part ;  it  is  lo  Ihe  iinlhor  what  llic  p(>tiolQ  ii  lo  the  blndo  of 
>  W.  Sometimes,  therefore,  it  is  wanting,  wlien  the  anther  is 
imik.    The  anther  is  essential  to  a  perfect  stamen.     But  sometimes 

■  Mmen,orwliat  stands  in  the  placeof  one,  is  destitute  of  an  anther, 
L&istfrnVe.as  in  Fig.  408;  and  aUo  the  upper  one  in  Fig.  468, 
*.»hich  is  a  sterile  filament  enlarged  into  a  [lelal-like  body.  Tho 
Itw  tuiture  of  the  organ  is  known  by  its  position. 

in,  Jin  FilBmcnli  although  usually  slender  and  stnlk-likc,  a9sume<s 

■  grut  variety  of  forms  :  it  is  sometimes  dilnled  so  as  to  rcscwble  a 
pn«l,  except  by  its  bearing  an  anther ;  as  in  tho  tmnsilion  slates  bo- 
twwQ  tlie  true  petals  and  stamens  of  the  Water-Lily  (Fig.  344).  Tho 
UuBL'nt  is  annlomicnlly  composed  of  a  central  bundle  of  spiral  ves- 
«l»w  ducta,  wliich  represent  the  fibro-rascuhtr  system  of  the  leaf, 
itiw  same  state  as  in  the  petiole,  enreloped  by  parenchyma;  the 
Mer  stratum  of  which  forms  a  delicate  epidermis. 

G^.  Tin  Inllier,  whidi  is  the  essential  part  of  the  slaracn,  is  usn- 
%  borne  on  the  apex  of  Ihe  filament ;  and  commonly  consists  of 
••O  ioiti,  or  erUt  (t/iecce),  [duced  side  by  side,  and  connected  by  a 
ptknguion  of  the  filiunent,  called  tlio  cfyniieclivum,  or  eonneetive. 

(H.  W.   taoMM  ud  iLyh  Of  t  Cji>rip«Uiup,  ntittwl  tolo  ou  boiy  nr  nlnmin  a, «, 
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524.  The  attachment  of  the  anther  to  the  filament  preflents  three 
principal  modes.  1st  When  the  base  of  the  ccMmeetive  exactly 
corresponds  with  the  apex  of  the  filament  and  with  the  axis  of  the 
anther,  the  latter  is  termed  tnnaief  and  rests  firmlj  upon  the  simmdt 

of  the  filament,  as  in  Fig.  469.  2d. 
When  the  lobes  of  the  anther  adhere 
for  their  whole  length  to  a  prolongar 
tion  of  the  filament,  or  to  a  broad 
connective  (whichever  it  be  called), 
so  as  to  appear  lateral,  it  is  said  to 
be  adnaie;  as  in  Magnolia,  Lirio- 
dendron  (Fig.  470),  &c  Here  the 
anther  must  be  either  exirone  or  tii" 
trorse.  It  is  introne^  or  turned  in- 
wardsj  when  it  occupies  the  inner 
side  of  the  connective,  and  faces  the  pistils,  as  in  Magnolia ;  but 
when  the  anther  looks  away  from  the  pistils  and  towards  the  petals 
or  sepals,  it  is  said  to  be  ts^ronej  or  turned  outwards^  as  in  Iris, 
Liriodendron,  and  Asarum  (Fig.  472).  dd.  When  the  anther  is 
fixed  by  a  point  near  its  middle  to  the  apex  of  the  filament,  on  which 
it  lightly  swings,  it  is  said  to  be  versatile  ;  as  in  all  Grasses,  in  the 
Lily,  and  in  the  Evening  Primrose  (Fig.  471),  &c  In  this  case,  as 
in  the  preceding,  the  anther  is  said  to  be  introne^  or  incumheni^ 
when  it  is  turned  towards  the  pistil,  which  is  the  most  common 
way ;  and  extrorscy  when  it  faces  outwards. 

525.  The  connective  is  often  inconspicuous  or  wholly  wanting,  so 
that  the  lobes  of  the  anther  are  directly  in  contact  on  the 

apex  of  the  filament ;  but  it  is  commonly  evident.  It  is 
ofien  produced  into  an  appendage  at  the  tip  of  the  anther, 
as  in  Magnolia  and  Liriodendron  (Fig.  470),  the  Papaw 
(Fig.  956,  where  it  forms  a  rounded  top),  and  Asarum 
(Fig.  472).  Appendages  or  processes  from  the  back  of 
the  connective  are  seen  in  the  stamens  of  the  Yiolct  and  of 
many  Ericaceous  plants.  *   *" 

526.  Each  of  the  two  cells  or  lobes  of  the  anther  is  marked  with 
a  lateral  line  or  furrow,  running  from  top  to  bottom ;  this  is  the 


FIG.  460.  A  ttamen  of  laopymm  Utematmn,  with  an  Innate  anther    470.  StanMn  of  Uil»- 
dendron,  or  TaUp-tiee,  with  an  adnate  extrone  anther.    471.  Stamen  of  (Bnothem 
with  the  anther  fixed  hy  ita  middle  and  Tenatile. 

7IQ.  472i  A  ■taoiein  of  Aaarom  (Tanadenae,  with  an  adnate  anther. 
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tulvre,  or  line  of  dehitcrnrf,  by  which  llie  nnlher  opens  at  maturity 

to  disclmi^e  the  pollen  (Kig.  473).     Tlii^  line  U  for  the  must  part 

exactly  Inlcral  in  innnle  anthers  ;  but  it  louks  more  or  less  cvideiUlyf 

BDti  often  directly,  inwiti'd   in   inlrorse,  nnd  outwnrd  in  extroisu 

anthers.     In  eeilain  cases  the  cells  of  the  anther  open  only  at  the 

Bnmmtt,  by  a  pore  or  hole,  as  in  Py- 

rola  (Fig.  474)  and  roost  Ericneeoua 

pbuilj.     In  ibe  Wbortleberry  family 

emdi  o!ll  or  lobe  is  commonly  pro- 

longi^i  into  a  tube,  nliich  opens  only 

M  the  apex  (Fig.301).     InthcBnr- 

beiry  (Fig.  475),  nnd  in  nearly  all 

plants  of  the  Barberry  fnmilj-,  the 

whole  Pace  of  each  aulher-cell  scpa-  <7i  m  ™ 

rMes  by  a  continuous  line,  forming  s.  kind  of  door,  which  is  attached 

at  the  lop,  snd  turns  back,  as  if  on  a  binge  ;  in  this  case  llie  anthers 

ore  Ettidlo  open  by  valves.     In  the  Sassafras  (Fig.  1114),  and  many 

other  pinnia  of  the  Laurel  family,  each  lobe  of  the  anther  opens  by 

two  HDcli  valves,  like  trap-doors. 

527.  Sometimes  the  anthers  are  one-celled  by  the  suppression  of 

one  lobe,  being  dimidiate,  or  reduced  as  it  were  to  half-stamens,  as 

in  Gomplirenn  or  Globe-Amanuilh  (Fig.  478). 

But  moat  one-celled  anthers  are  the  i-esult  of 

the  confi\unef  of  the  two  cells  into  one.     A 

comparison  of  the  two-celled  anther  of  Pent- 

Etemon  pu))C3ccns,  where  the  two  cells  diverge 

below  nnd  arc  somewlial  united  at  the  top 

(Fig.  476)  with  the  kidney-sbnped  one-celled 

anther  of  a  Mallow,  opening  by  a  continuous 

Ihie  all  round  the  margin  (Fig.  477),  shows 

bow  this  result  is  brought  about. 

J  anatomical  structure,  each   lobe  of  the   full-grown 

ts  of  nn  epidermal  membrane,  lined  with  a  delii-alo 

,  and  Burrounding  a  cavity  filled  with  pollen.     This 
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fibrous  lining  (a  little  of  which  is  shown  in  Fig.  45,  from  the  anther 
of  Cobten)  is  composed  of  simple  or  branching  tlireada  or  bands, 
which  formed  the  thickening  deposit  on  the  walls  of  large  paren- 
chymntous  cells ;  all  the  membrane  between  the  bands  becoming  ob- 
literated as  the  anther  approaches  maturity,  the  latter  alone  remain, 
as  a  set  of  delicate  fibres.  This  fibrous  layer  gradually  diminishes 
in  thickness  as  it  approaches  the  line  of  dehiscence  of  the  cell, 
and  there  it  is  completely  interrupted.  These  Tcry  elastic  and  hygro- 
metric  threads  lengthen  or  contract  in  different  ways,  according 
as  the  anther  is  dry  or  moist,  and  are  thought  to  favor  the  egress 
of  the  pollen.  Tlie  outer  stmtum  of  the  wall  of  the  anther  in  dry- 
ing contracts  more  than  the  inner,  and  so  opens  the  cell,  in  many 
cases  turning  the  walls  inside  out  afler  deluscence,  as  in  Lilies 
and  Grasses. 

529.  Of  all  the  fioral  organs,  the  anther  shows  least  likeness  to 
a  leaf.  Nevertheless,  the  early  development  is  nearly  the  same. 
Like  the  leaf,  the  apex  is  earliest  formed,  appearing  first  as  a  solid 
protuberance,  and  the  anther  is  completed  before  the  fihiment,  which 
answers  to  the  leafstalk,  makes  its  appearance.  At  first,  the  anther 
is  of  a  greenish  hue,  although  at  maturity  the  cells  assume  a  differ- 
ent color,  more  commonly  yellow.  A  transverse  section  of  the  form- 
ing anther  shows  four  places  in  which  the  transformation  of  the  paren- 
chyma into  pollen  commences,  which  answer  to  the  centre  of  the 
four  divisions  of  the  parenchyma  of  a  leaf,  viz.  the  two  sides  of  the 
blade,  each  distinguished  into  its  upper  and  its  lower  stratum.     So 

that  the  anther  is  primju'ily  and  typically  four-celled ; 
each  lobe  being  divided  by  a  jwrtion  of  untransformed 
tissue,  stretching  from  the  connective  to  the  op(K)site 
side,  which  corresponds  to  the  margin  of  the  leaf  and 
the  line  of  dehiscence.  This  appearance  is  presented 
by  a  large  number  of  full-grown  anthers ;  but  the  par- 
tition usually  disappears  before  the  anther  opens,  when 
each  lobe  becomes  single  celled.  The  normal  anther 
is  consequently  considered  as  two-celled.  In  Meni- 
spermum  and  Cocculus,  however,  the  anther  is  strongly 
four-lobed  externally,  and  each  lobe  forms  a  distinct 
cell  at  maturity. 

530.  Viewed  morphologically,  therefore,  the  filament  answers  to 

FIQ.  479.    Plan  of  a  stamen  as  answering  to  a  leaf;  the  upper  part  of  the  anther  eat  awij, 
and  the  summit  of  a  leaf  represented  above  it. 
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the  pMiolo  of  a  leaf;  ihe  anther,  lo  the  blade.  The  ccnnective 
represent  the  midrib ;  ihe  lobes  or  cells  of  llie  anther  represent  tli« 
two  Fj-mmetriciU  lialves  of  tlie  blade  ;  and  llie  lino  of  dt-liiscence  is 
nonaiily  along  the  mai^ns  of  the  transformed  leaf.  What  in  the 
leaf  would  be  celb  of  parencbyma  dievelop  as 

631.  PolltU.  This  usually  powdery  substance  coneista  of  gnuns, 
of  deluiile  size  and  shape,  uniform  in  the  same  plant,  but  often  very 
difierent  in  different  sjKcics  or  families.  The  grains  are  commoidy 
Hnglo  celU,  globular  or  oval  in  shape,  and  of  a  yellow  color.  But 
In  Spiderwort  ihey  are  oblong ;  in  the  Cicliory  and  Tliislle  iribea 
Butny'fiided  (Fig,  485)  ;  in  the  Slusk-plant  spirally  grooved  (Fig. 
480) ;  in  the  Mallow  family  (Fig.  483)  and  the  Squash  and  Pump- 


kin, beset  with  bristly  projections,  &c.  The  pollen  of  Pine  (Fig. 
486),  as  well  as  that  of  the  Onagmceoo  (Fig.  487,  489),  is  not  so 
simple,  but  appears  to  consist  of  three  or  four  blended  cells  ;  thttt  of 
all  true  Ericaccx  evidently  consists  of  four  grains  or  cells  uiiit^ 

0  a  ^  £>  e 


(fig.  488).     The  most  extraordinaiy  shape  is  that  of  Zostera,  or 
lheE«l-gras3  of  salt-water,  in  wliieh  the  grains 
(destitute  of  the  outer  coat)  consist  of  long  and 
aleoder  threads,  which,  aa  they  lie  side  by  side 
m  the  antlier,  resemble  a  skein  of  silk. 

£32.  PoIlcn.gmins  are  usually  formed  in  fours, 
bgr  llio  division  of  the  living  contents  of  mother  '^ 

edb  firvt  into  two,  and  iheso  again  inio  two  parts,  which,  acquiring 
a  eottt  of  cellulose,  become  specialized  cells  (36).  As  the  pollen 
Mnipletes  its  growth,  the  walls  of  the  mother  cells  are  usually  oblil- 
enited.     But  sometimes  the  enclosing  cells  persist,  and  coUcet  the 
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pollen-grains  into  ooberent  masses  of  Tarions  oonsistencey  as  Is  re> 
mariublj  the  case  in  the  Orchis  and  Milkweed  families  (Fig.  54^ 
&C.).    Such  p6Uen^ma$9e9  are  sometimes  termed  poBinUu 

533.  The  threads,  resembling  cobweb,  that  are  looselj  mixed  with 
the  pollen  of  the  Evening  Primrose^  are  the  vestiges  of  obliterated 
mother  cells. 

534  Pollen-grains  have  two  coats.  The  outer  coat,  called  the 
txtine^  is  comparatively  thick,  and  often  grannlar  or  fleshy.  This  is 
later  formed  than  the  inner,  and  by  a  kind  of  secreticm  from  it :  to  it 
all  the  markings  belong.  The  inner  coat,  or  tnh'ne,  which  is  the 
proper  cellnnembrane,  is  a  very  thin  and  delicate,  transparent  and 
colorless  membrane,  of  considerable  strength  for  its  thickness.  The 
pollen  of  Zostera  and  of  some  other  aquatic  plants  is  destitute  of  the 
outer  coat  (531). 

535.  The  cavity  enclosed  by  the  coats  is  filled  with  a  viscid  liquid, 
rich  in  protoplasm,  which  often  appears  slightly  turbid  under  the 
higher  powers  of  ordinary  microscopes,  and,  when  submitted  to  a 
magnifying  power  of  about  three  hundred  diameters,  is  found  to 
contain  a  multitude  of  minute  particles  (foviBai),  the  larger  of 
which  are  from  tlie  four-thousandth  to  the  five-thousandth  of  an  inch 
in  length,  and  the  smaller  only  one  fourth  or  one  sixth  of  this  size. 
The  smaller  exhibit  the  constant  molecular  motion  of  all  such  mi- 
nute particles  when  suspended  in  a  liquid  and  viewed  under  suffi- 
cient magnifying  power.  When  wetted,  the  grains  of  pollen  prompt- 
ly absorb  water  by  endosmosis  (37),  and  are  distended,  changing 
their  shape  somewhat,  and  obliterating  the  longitudinal  folds,  one  or 
more  in  number,  which  many  grains  exhibit  in  the  dry  state.  Soon 
the  more  extensible  and  elastic  inner  coat  inclines  to  force  its  way 
through  the  weaker  parts  of  the  outer,  especially  at  one  or  more 
thin  points  or  pores ;  sometimes  forming  a  projection  of  considerable 
length,  when  the  absorption  is  slow  and  the  exterior  coating  tough. 
If  the  absorption  continues,  the  distention  soon  overcomes  the  resist- 
ance of  tlie  elastic  iimcr  coat,  which  bursts,  and  the  contents  are  dis- 
charged. 

536.  When  fresh,  living  pollen  falls  upon  the  stigma,  however, 
which  is  barely  moist,  it  does  not  burst,  but  the  inner  membrane  is 
slowly  projected,  often  through  particular  points,  clefts,  or  openings 
of  the  outer  coat,  in  the  form  of  an  attenuated  transparent  tube  (Fig. 
537-547),  filled  with  its  fluid  contents,  and  which  penetrates  the 
naked  and  loose  cellular  tissue  of  the  stigma,  and  buries  itself  in 
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Sect.  VII.    The  Pistils. 


BrtjICb  Thifl  is  not  &  meclinnical  protrusion,  but  a  true  growtit, 
the  mnteriBlD  fur  wliii^h  are  supplied  by  nouiishstt-nt  imltibeJ  from 

the  atigiiui  anil  styk.  It:)  furtlier  euur^c  and  tlie  otficc  it  subserves 
wilt  be  comidered  iifter  the  ijtruclurc  of  tbe  pistil  is  nuida  koowa. 
(Sect.  IX.) 

^^^M.  Tbl  PtlUb  (410)  occupy  the  centre  of  the  flowrr,  and  ler- 
^^■SEue  the  axis  of  growth.  Liniueua  established  the  orders  of  hia 
Artificial  System  mainly  upon  the  pi^tib,  and  this  inlroduced  a  se- 
ries of  tenia  expre&rive  of  tlieir  number  in  a  flower,  analogous  to 
those  used  for  the  numl)er  of  stamens  (i>17).  Thus  n  flower  with  a 
tingle  pistil  is  said  to  be  mtmoffjptout ;  with  two,  diffi/noui ;  with  three, 
triggnoas;  with  four,  (I'/rajynou*  ;  with  Rye,  prnta^ipious  ;  and  so 
on :  when  more  numerous  or  indcfinitf,  the  flower  is  poly^ynoia. 

538.  It  is  eomparatlToly  seldom  tlmt  ihc  pistils  are  exactly  equal 
to  the  petals  or  sepals  in  number ;  they  are  sometimes  more  nuniei^ 
ODs,  and  arranged  in  seveml  rows  upon  the  enlarged  or  prolonged 
receptaele,  as  in  the  Ala^olin,  the  Strawberry,  &e^  and  perhaps 
more  irctjuenlly  they  are  reduced  to  less  than  tlie  symmetrical  num- 
ber, or  lo  a  single  one.  Vet  oflcn  what  appears  to  be  a  single  piatil 
is  not  M  in  reality,  but  a  eoniiKinnd  organ,  formed  by  the  union  of 
two,  three,  or  a  greater  number  of  simple  pistils ;  these  organs  being 
pnlgect  to  coalescence  in  the  aome  way  as  the  stamens  (318)  and  the 
petals  (507,  462). 

539.  A  simple  and  complete  pistil,  as  already  described  (420),  is 
ampoiied  of  three  parts :  the  Ovabt,  or  seed-bearing  portion  ;  the 
Sttle,  or  tapering  portion,  into  which  the  apex  of  the  ovary  is  pro- 
longed i  and  ihc  Stigua,  usually  situated  at  the  summit  of  tlie  style, 
aDDsiKliDg  of  a  part,  or  soraelimcs  a  mere  point,  of  the  latter,  divested 
of  epidermis,  with  its  moi»t  cellular  tissue  exposed  to  the  air.  The 
ovary,  which  contains  the  ovules,  or  bodies  which  arc  to  become 
seeds,  is  of  course  a  neces.sBry  part  of  the  pistil ;  the  stigma,  which 
receives  from  the  anthers  the  pollen  (531)  by  which  the  ovules  are 
fertilized,  is  no  leas  necessaiy  ;  but  the  intervenbg  style  is  no  more 

filament  is  to  the  stamen,  and  is  thexe- 


c  pistil  tlia 


In  the  latter  case,  the  e 


■  upon  the  apex  of  the  ovary.     In  Tosmanuin  it  actually  occu- 
e  side  of  tlic  ovary  for  nearly  its  whole  length,  and  is  sepo- 
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rated  from  the  line  to  which  the  ovules  are  attached  only  hj  the 
thickness  of  the  walls :  it  is  nearly  the  same  in  our  Schizandra 
(Fig.  493),  another  plant  of  the  IVIagnolia  family.  The  style  some- 
times proceeds  from  the  side,  or  even  from  near  the  apparent  base 
of  the  ovary ;  as  in  the  Strawberry  (Fig.  428). 

540.  When  the  pistil  is  single,  or  when  several  coalesce  into  one,  it 
will  necessarily  terminate  the  axis,  and  appear  to  be  a  direct  con- 
tinuation of  it.  When  there  are  two  pistils  in  the  flower,  they  al- 
ways stand  opposite  each  other  (so  that  if  they  coalesce  it  is  by 
their  inner  faces) ;  and  are  either  lateral  as  respects  the  flower,  that 
is,  one  on  the  right  side  and  the  other  on  the  left,  in  a  plane  at  right 
angles  to  the  bract  and  axis  (444),  as  in  the  Mustard  family,  the 
Grentian  fjunily,  and  a  few  others  ;  or,  more  commonly,  anterior  and 
posteriory  one  before  the  axis  and  the  other  before  the  bract  of  the 
axillary  flower.  When  they  accord  in  number  with  the  sepals  or 
petals,  they  are  either  opposed  to  or  alternate  with  them ;  and  the 
two  positions  in  this  respect  are  sometimes  found  in  nearly  related 
genera,  so  as  to  baflle  our  attempts  at  explaining  the  cause  of  the 
difference.  In  Pavonia,  for  example,  the  five  pistils  are  opposite 
the  petals  ;  in  INIalvaviscus  and  Hibiscus,  alternate  with  them.  In 
Sida  (when  five)  they  stand  opposite  the  petals ;  in  Abutilon,  opposite 
the  sepals. 

541.  Pistils  occur  under  such  a  diversity  of  forms,  and  exhibit 
such  various  complications,  that  the  plan  of  their  stinicture  and  the 
distinction  Iwtween  simple  and  compound  pistils  require  to  be  well 
miderstood.  Commencing,  therefore,  with  the  most  natural  forms, 
and  proceeding  gradually  to  the  more  complex  or  disguised,  we  first 
consider 

542.  The  Simple  Pistil,  and  the  way  in  which  it  answers  to  a  leaf. 
A  simple  pistil  answers  to  a  single  leaf.  A  coniix)und  pistil  answers 
to  two  or  more  leaves  combined,  just  as  a  monopetalous  corolla 
answers  to  two  or  more  petals,  or  leaves  of  the  flower,  united  into 
one  body.  As  to  its  morphology,  the  botanist  regards  a  simple 
pistil  as  consisting  of  the  blade  of  a  leaf,  curved  inwards  until  its 
margins  meet  and  unite,  forming  in  this  way  a  closed  case,  or  pod, 
which  is  the  ovar}\  So  that  the  upper  face  of  the  altered  leaf 
answers  to  the  inncjr  surface  of  the  ovary,  and  the  lower,  to  its 
outer  surface.  And  the  ovules  are  borne  on  what  answers  to  the 
united  edges  of  the  leaf.  The  tapering  summit,  rolled  together 
and  prolonged,  forms  the  style,  when  there  is  any ;  and  the  edges 
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n^St  altereil  leaf  turned  oulward?,  either  nt  ihe  tip  or  along  the 
inner  side  of  iho  style,  form  the  Bligmo.  This  will  bo  clearly  un- 
derstood (in  eompariiig  Fig.  342  and  Fig.  401,  wliifli  nre  pintilfl 

(  traasvcRcly  divided,  witli  Fig.  400,  a  loaf  curved  inwards  until  its 

:  ninrgina  nearly  meet,  and  with  Fig. 
492,  B  Bimfile  pistil  of  Callha  or 
Uarxh-Marigold  whidi  has  matured, 
split  npeu  along  llic  inner  side  to 
diechargn  tlie  f.ee>h  it  bore,  and 
Bpraad  out  into  the  shape  of  a  luiif. 

543.  Tlie  line  formed  bj  ihe  union 
of  Ihe  mnrgina  of  the  leaf  is  called 
she  Inner  or  Ventral  Suture,  and 
almiy»  loolu  towards  the  axis  of  Ihe 
flower.  This  is  n  true  suture,  or 
MOM,  as  the  word  denotes.  The  opposite  line,  onsnering  to  the  mid- 
rib, id  tometimes  apparent  as  a  thiekened  lini',  and  is  termed  the 
Oitfr  or  Dorsal  Suture.  Tiie  ovules  or  j-oung  seeds  are  borne  (in 
an  of^nary  cases  at  least)  on  the  inner  suture,  or  some  part  of  it; 
that  '&,  on  wimt  answers  to  Ihe  tmitcd  margins  of  the  infolded  and 

I  tnawfoniied  leaf.  Tlie  part  in  the  cell  of  ttie  ovary  to  wliieh  the 
I  omJea  nre  ntlnehed,  and  which  b  commonly  more  or  less  enlarged 
I  or  projecting  wticn  tho  ovules  are  numerous,  is  named 

544.  Tbe  PIbKIIU.  As  tliis  eorresjKinds  with  tlie  ventral  sutnTV, 
r  a  cellular  growth  from  it.  it  olwaj-s 
belongs  next  the  asis  of  the  flower  i 
as  is  evidently  the  ciiso  when  two, 
three,  or  more  pistils  are  present. 
Each  placenta  necessarily  eonNsIs  of 
two  parts,  one  belonging  to  each  mar^n 
of  the  trnaHbrmcd  leaf.  It  therefore  \a 
frcqupnily  two-lobed,  or  of  two  divorg- 

m  tt  M  ing  iiunelliB  (Fig.  342).     Tins  shows 

r  Ibo   ovules  «re   apt  to  occupy  two  longiladinal  rows,  as  iti 


a    tnf*p«alUDtC(UI»p*la(lrli,  tn«ra]wii!i;tui 
Ik    r«(k>l  Mtk*  vl  •  pblll  of  Sclilsudn  «■ 


1  is  io  fact  a  part  of  it,  o 
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the  figure  last  cited,  and  in  Fig.  491,  495,  &c^  one  row  belonging  to 
each  margin  of  the  leaf.  A  simple  pistil,  accordingly,  can  have 
only  one  placenta ;  but  that  \a  structurally  double. 

545.  So  a  single  pistil  can  have  only  one  style  and  one  stigma. 
But  as  the  stigma  answers  to  the  margins  of  the  apex  of  the  leaf^ 
this  must  also  be  double  in  its  nature.  And  this  is  evidently  the 
case  in  the  Peony  and  Isopyrum  (Fig.  491),  in  the  Tulip,  as  well 
as  in  Fig.  493  -  495,  and  in  almost  all  cases  in  which  the  stigma 
extends  down  the  inner  face  of  the  style,  as  it  frequently  does. 
Such  unilateral  stigmas  we  accordingly  take  to  be  the  typical  form ; 
and  say  that,  while  the  united  margins  of  the  transformed  leaf  which 
compose  the  ventral  suture  are  turned  inwards  into  the  cell  of  the 
ovary  to  hear  the  ovides,  in  the  simple  style  they  are  exposed  external' 
ly  to  form  the  stigma,  TTliere  the  stigma  is  terminal,  or  occupies 
only  the  apex  of  the  style,  we  suppose  that  these  margins  are  in- 
folded in  the  style  also,  and  form  in  its  interior  the  loose  conducting 
tissue  through  which  a  communication  is  established  between  the 
stigma  and  the  interior  of  the  ovary. 

546.  The  ovary  of  a  simple  pistil  obviously  can  have  but  one 
cavity  or  cell ;  except  from  some  condition  out  of  the  natural  order 
of  things.  But  the  converse  does  not  hold  true :  all  pistils  of  a  sin- 
gle cell  are  not  simple.  Many  compound  pistils  are  one-celled,  as 
will  presently  be  explained. 

547.  A  leaf  or  member  of  the  gynaecium  then,  when  separate, 
forms  a  simple  pistil ;  when  combined  with  others,  it  makes  part  of  a 
compound  pistil.  It  is  convenient  to  have  a  name  which  shall  desig- 
nate a  single  pistil-leaf,  whether  occurring  as  a  distinct  simple  pistil, 
or  as  an  element  of  a  compound  pistil.  For  tliis  purpose  the  name 
of  Carpel  has  been  devised.  A  carpel  is  either  a  simple  pistil, 
or  is  one  of  a  circle  of  leaves  which  compose  a  compound  pistiL 
Wlien  the  pistils  are  distinct  from  each  other,  they  are  said  to  be 
apocarpous  ;  when  united  into  one  body,  syncarpous.  This  union 
produces  a 

548.  Compound  PistiL  All  degrees  of  union  of  the  carpels  may 
be  observed,  from  the  coalescence  of  the  lower  part  of  their  ovaries, 
their  summits  remaining  separate  (as  in  Fig.  49 G),  or  from  the  com- 
plete union  of  the  ovaries  into  one  body,  the  styles  remaining  sepa- 
rate (as  in  Fig.  497),  to  the  complete  coalescence  of  the  styles  also 
(Fig.  498),  and  even  of  the  stigmas  (Fig.  499),  into  one  body.  It  is 
evidently  the  same  as  if  two  or  more  pistils  (in  Fig.  497  -  499,  three 
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pistils)  were  pressed  together  as  they  grew  and  consolidated  more  or 
less  completely  into  one.  And  in  this,  the  most  normal  case,  we  have 
as  the  result  compound  pistils 

549.  With  two  or  mon  Cells  and  Axile  Plaeents.    For  it  is  evident 


that,  if  the  contiguous  parts  of  a  whorl  of  three  or  more  closed  car- 
pels cohere,  the  resulting  compound  ovary  will  have  as  many  cavi- 
ties, or  cells,  as  there  arc  carpels  in  its  composition,  and  the  placentas 
(one  in  the  inner  angle  of  each  carpel)  will  all  be  brought  together 
in  the  axis  of  the  compound  pistil.  And  the  partitions,  or  Dissep- 
UfENTS,  which  divide  the  compound  ovary  into  cells,  manifestly 
consist  of  the  united  contiguous  portions  of  the 
walls  of  the  carpels.  Tlicsc  necessarily  are 
composed  of  two  layers,  one  belonging  to  each 
carpel ;  and  in  ripe  pods  they  often  split  into 
the  two  layers.  True  dissepiments  must  always 
be  equal  in  number  to  the  carpels  of  which  the 
compound  pistil  is  composed. 

5o0.  In  certain  cases,  indeed,  there  are  addi- 
tiooal  partitions,  or  fahe  dissepiments.    These  are  commonly  projec- 

yiO.  49$.    Piatil  of  ft  Saxifrage,  composed  of  two  carpels  or  simple  pistils  united  below,  but 
Adaet  above ;  cut  acroes  both  abore  and  below. 
no.  497.    Pistil  of  common  St  Johnswort,  of  three  united  orarles ;  their  styles  distinct. 
VIO.  490.    The  same  of  another  species  of  St  John«wort  (Iljpericum  prolificum^i  the  styles 

aidCed  into  one,  wliich,  howerer,  split  apart  in  the  fruit 
7IO.  4991    Pistil  of  Tiadescantia  or  Spiderwort,  even  the  three  stigmas  united  into  one. 

ovMy  In  all  cut  across  to  show  the  internal  structure. 
FIO.  COO.    Croas-seetioo  of  a  flower  of  Flax;  each  of  the  flTe  cells  of  the  orary  partly  diTided 
bj  wtk  impoftct  ftJn  partiCioa  flram  the  back. 
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tions  or  growths  from  the  dorsal  suture ;  whether  in  a  simple  pistil  (as 
that  of  most  species  of  Astragalus,  Fig.  805),  or  from  the  back  of 
each  proper  cell  of  a  com^wund  pistil,  as  in  the  Service-berry,  the 
Blueberry,  and  the  common  Flax  (Fig.  500). 

551.  "We  have  considered  only  the  case  of  compound  pistils  of  two 
or  more  cells  in  the  ovary.  But  compound  pistils  also  not  unfre- 
quently  occur 

552.  With  only  one  Cell.  And  of  these  there  are  two  kinds  to  be 
noticed,  those  with  axile,  and  those  with  parietal  placentce.  That  is, 
in  the  first,  the  ovules  are  borne  in  the  axis  or  centre  of  the  ovair, 
either  at  the  base  or  on  a  column  which  occupies  the  centre ;  in  the 
second,  they  are  borne  on  some  part  of  the  parietes  or  walls  of  the 
ovary.     The  first,  viz. 

553.  With  a  Free  Central  Flaeenta,  is  found  in  the  Primrose,  Purshme 
(Fig.  389),  and  Pink  families  (Fig.  432,  501,  502). 
In  the  Pink  family  this  evidently  results  from  the  ob- 
literation of  the  dissepiments  (as  many  as  there  are 
styles  or  stigmas)  ;  and  vestiges  of  these  may  be  de- 
tected at  an  early  stage,  and  sometimes  at  the  base  of 
the  full-grown  ovary ;  while  certain  plants  of  the  same 
family,  of  otherwise  identical  structure,  retain  the  par- 
titions even  in  the  ripe  pod.  In  other  instances,  as  in 
Dionirii,  Tlirift,  &c.,  this  is  doubtless  a  modification  of 
parietal  placentation,  with  ovules  produced  only  at  the 
bottom.  This  brings  us  to  the  case  of  compound  one- 
cellod  pistils 

554.  With  Parielal  Placenl®,  that  is,  with  the  placenta  borne  on 
the  sides  or  parie- 
tes of  the  ovary, 
as  in  the  Poppy, 
Caper,  Cistus  or 
Rock-Rose  (Fig. 
507),  Violet,  Sun- 
dew (Fig.  510), 
and  Currant  families,  and  many  others.     To  comprehend  this  per- 

FIG.  601.  Vertical  section  through  the  compound  tricarpellary  ovary  of  a  plant  of  Speign- 
laxia  rubra,  showing  the  free  central  placenta.    502.  TranBverse  Motion  of  the  same. 

FIO.  503 -[i05.  Diagrams  illu!>trating  parietal  and  free  central  placentation.  603.  Croa- 
section  of  a  tricarpellary  orary,  with  a  free  central  placenta,  produced  by  the  obliteratloa  of 
the  diflwpiments.  504.  Section  of  an  ovary  with  three  strictly  parietal  placentae.  505.  Senu^ 
except  that  there  are  incomplete  partitions. 
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two,  three,  or  any  numbiT  of  pUtll- 
Icnves  (lite  Fig.  490),  arrangpd  in  a  circle,  to  unite  with  one  another 
by  iheir  contiguous  cdj^i,  either  nilhout  any  inlro- 
fl«naa  or  infolding  nt  all  (Fig,  504),  or  at  least 
without  tlieir  infolded  edges  having  reached  the  cen- 
tre and  united  tlierc  (Fig.  505,  50G).  The  comlnna- 
tton  IS  aei-onJingly  much  like  tiiiit  by  which  pelala 
unite  to  form  a  loonoiwtiilou*  corolla,  only  llie  edges 
of  ibe  piatil-lcares  are  always  turned  in,  where  ihey 
hear  the  ovules.  Such  an  ovary  may 
^jS^^  well  he  compared  with  the  valvale  un- 
ggBy  opened  calyx  of  Clematis,  the  ninrgias 
of  the  sepals  more  or  less  turned  in- 
wards (Fig.  445),  Every  gradation  is 
found  between  axile  and  parietal  plit- 
centation,  especially  in  the  Sl  Johns-  "' 

rort  fiimily  (Fig.  508,  509)  and  in  the  Gourd  family. 

555.  An  ovary  with  parietal  placenta  is  necessarily  one-celled; 
ex»ept  it  be  divided  by  an  anomalous  partition,  puch  as  is  found  in 
Cruciferous  plants,  and  in  the  Trum- 
pet Creeper. 

556.  It  will  he  seen  that  parietal 

placent4B  ore  necessarily  double,  liko 

the  placenta  of  a  simple  ovary,  or  of 

each  carpel  of  n  compound  sevcrnl- 

**  *"*  celled  ovary ;  hut  with  this  difference, 

liuU  in  these  the  two  portions  belong  to  the  two  marpns  of  the 

mne  cnrpel ;  while  in  parietal  placenta:  they  arc  formed  from  the 

co^esr^'nt  margins  of  two  ailjaecnt  carpels. 

557.  The  number  of  carpels  of  which  a  compound  ovary  consists 
b  imUeated  by  the  number  of  true  dissepiments  when  these  exist ; 
or  tiy  the  number  of  plaeentie,  when  tlieso  are  parietal ;  or  by  the 
utmber  of  styles  or  stigmas,  when  these  are  not  wholly  united  into 
CDS  body.     Thus  a.  simple  pistil  has  a  single  cell,  a  single  pl.icenta, 


VH.  B08.    Flu  of  ■  anHdlad  V 
^fV  pMI  iIioiilBt  Uw  Up  of  Oh  (h: 

CWl  tK.      OtBT  Df   II.B.~ll~m..n 
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and  a  single  8t  jlc.    A  pistil  of  two  carpels  may  be  two-eelled,  irith 
two  placenta;,  two  styles,  or  two  stigmas,  &c* 

*  There  are,  howcrcr,  some  exceptions  which  qoalifjr  these  statements :  — 

1.  Each  placenta  being  a  doable  oigan  (556),  it  occasionally  hapi>ens  that 
the  two  portions  are  separated  more  or  less,  as  in  Orobanchaocoos  plants,  when 
a  dicarpellary  ovary  appears  on  this  account  to  hare  fonr  parietal  placentte ; 
either  approximate  in  pairs  (as  in  oar  Cancer-root,  Conopholis),  or  equidis- 
tant (as  in  Aphjllon). 

2.  Analogous  to  this  is  the  case  where  the  two  constituent  elements  of  the 
stigma  (the  only  essential  part  of  the  style)  separate  into  two  half-stigmas,  as  is 
partially  seen  in  Fig.  494,  495.    The  stigma,  no  less  than  the  placenta,  belongs 

to  the  maigins  of  the  infolded  leaf  (545),  these  maxgins  being 
ovuli/erous  in  the  ovary  and  stigmati/trout  in  the  stylo ;  as  Mr. 
Brown,  the  most  profound  botanist  of  this  or  any  age,  has 
clearly  shown.  These  two  constituent  portions  of  the  style  or 
stigma  occasionally  separate,  either  entirely  or  in  part,  as  in 
Euphorbiaccous  plants,  in  Grasses,  and  especially  in  Drosen 
(Fig.  510),  where  there  are  consequently  twice  as  many  nearly 
distinct  styles  as  there  are  parietal  placenta)  in  the  compound 
ovary  If  the  two  component  parts  of  the  stylo  of  each  carpel 
were  reunited  into  one,  in  the  usual  manner,  their  number 
would  equal  the  placentae,  and  their  position  would  be  alter- 
nate with  tlio  latter.  But  since,  in  parietal  placcntation,  each 
half-placenta  is  confluent  (not  with  its  fellow  of  the  same 
carpel,  but)  vnxh.  the  contiguous  half-placenta  of  the  adjacent  carpel,  it  were  surdy 
no  greater  anomaly  for  the  elements  of  such  half-stigmas  as  those  of  Droseni  to 
follow  the  same  course.  This  is  precisely  what  takes  place  in  Pomossia,  and  in 
other  cases  where  tlie  stigmas  arc  opposite  the  parietal  placenta* ;  —  cases  whidi 
were  tliought  to  be  very  anomalous,  merely  on  account  of  the  adoption  of  a 
false  principle  (that  of  the  necessary  alternation  of  the  stigmas  and  placents), 
but  which  arc  really  no  more  extraordinar\'  tlian  parietal  placcntation  itself 

3.  Furthermore,  the  production  of  ovules  is  not  nlwa}*s  restricted  to  what 
answers  to  the  margins  of  the  carpcUary  leaves.  In  the  Toppy,  the  whole  sur- 
face of  the  long,  imperfect  partitions  is  covered  with  ovules ;  in  Butomus,  they 
are  borne  over  the  whole  internal  face  of  each  cari>el,  and  in  Water-Lilies  over 
the  whole  surface,  except  the  inner  angle  of  each  cell,  where  alone  they  normally 
belong.  Kcduced  to  two  in  the  allied  Water-Shield  (Brasenia,  Fig.  684),  the 
ovules  grow  from  the  dorsal  suture,  or  the  midrib  of  tlic  carj>cllary  leaf  alone ! 
And  in  tlie  allied  Cabomba  itself  we  usually  find  its  three  ovules,  one  on  the 
dorsal  and  one  on  the  ventral  suture,  and  the  tliinl  on  some  variable  part  of  the 
fece  of  the  cell  in  the  vicinity  of  either  suture.  In  Ol)olaria,  Bortonia  (Ccntan- 
rello,  Michx.)f  and  in  several  species  of  Gentian,  a  compound  onc-collcd  ovary  is 
ovuliferous  over  the  whole  face  of  the  cell ! 

All  placcntation  is  very  difTcrcntly  explained  by  those  who  adopt  the  hypotfa- 

FIO.  610.    Pbtil  of  I>ro8en  flUformifl,  vith  three  deeplj  two-parted  styles :  the  oraiy  eat 
aeroM,  showiiig  three  parietal  placentn. 
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TVTieu  the  styles  are  sepnrate  towards  tlie  Bummlt,  but 
united  below,  they  are  usunlly  described  ns  a  single  organ ;  which 
is  said  to  be  parted,  rlfft,  lohed,  &c.,  aceordiiig  lo  llie  extent  of  colic- 
sion.  This  language  was  adopted,  as  in  the  case  of  leaves  (281) 
Mid  Horal  envelopes  (402),  long  before  the  reul  Btrueture  was  unOer- 


ediof  Schleiden,  Endlictior,  uid  olhcn.  Arcorcling  lo  this  ncn-  view,  lince  bailt 
r^nlariy  Biise  from  the  axils  or  leaves  nnd  rram  the  extrcmit/  of  l!ie  Btcm  or 
udi,  and  only  in  some  exceptional  and  BbDormikl  cases  from  the  moi^ns  or 
nufitco  of  leaves,  so  orulra,  wliich  am  viewed  as  a  form  of  bads,  arc  eonsidctod 
b>  aiue  from  the  leceptaclo,  eltlier  from  the  axis  of  iho  Haivcr,  L'ko  tonninal 
bads,  or  from  ihe  axils  of  the  carpelloiy  leaves,  like  axiUuiy  biuls.  Tlins, 
placcnlK  are  Enpposed  lo  belong  to  Iho  Wkid,  nnd  not  lo  tlie  carpeUarj'  leaves ; 
and  a  one-celled  ovary,  with  one  or  more  ovaica  arising  from  tlio  boso  of  the 
cell,  would  nearlj  represent  tlie  tvpiral  stale  of  tbo  (^ynRtium.  Tiiis  theory, 
wluch  the  intelligent  stndeDt  mnj  coeily  apply  in  dciojl,  ofTcrs  a  readj  cxplana- 
lioa  of  free  rcnlntl  ploccnlatlon,  cspcclnllv  in  such  coses  aa  Primula,  &c,  where 
not  tk  truM  of  dissepiments  is  over  diacovernble.  But  in  Caryophytlacess  the 
dtaKpimcnu  ore  often  maDifeit.  In  applying  It  to  ordinary  central  placenia- 
tion,  we  have  to  suppose  Ihc  cohesion  of  tiia  inScxed  margins  of  the  caipdlary 
Imvn  with  a  ceurnil  prolongation  of  the  axis  or  leceploclo  which  bears  the 
plarcntT.  But  in  parielal  phiccnlation,  the  advoealcs  of  tliis  theory  ore  driven 
to  tbe  violent  eapposiiion  that  the  sixis  divides  within  the  mmpouml  ovary  into 
tw{c«  as  many  branches  as  the  carpels  in  its  composition,  and  that  ihcHl  branched 
ttf^U^j  adhere,  in  pairs,  one  lo  each  margin  of  all  the  carpelloi^  leaves.  Ila 
•|i|£catian  is  attended  with  sliti  ^aler  diffirulties  in  Ihe  case  of  aitnpla  nnd 
■BMnbdncd  pistils,  where  the  ovules  occupy  llie  whole  inner  aulnn;,  which  most 
fco  taken  m  the  typical  state  of  the  cyniecium ;  but  to  whicb  the  new  hvpotliesil 
on  be  adapted  only  by  eapposing  iJuit  an  ovoUferous  braocfa  of  ihe  axis  cnien 
cadi  ciupcl,  and  sepntnlea  into  two  parts,  one  cohering  with  each  margin  of  ilio 
■■ttinorphosed  leaf.  This  view,  however,  not  only  appears  ubsurd,  but  maj 
be  di^irovrd  by  direct  olwervntion,  as  it  has  bevn  most  completely  by  tliose 
naatcmiitirs  in  which  an  anther  is  changed  into  n  pistil,  or  even  one  part  of 
Ifae  oalber  is  thus  transformed  and  bears  ovules,  while  iho  other,  as  well  as  the 
flbment,  Rmnins  nnchanged ;  —  a  case  nhcro  the  ovules  nro  far  removed  (nan 
wliieh  can  pMsilJy  Iwlong  lo  the  aicis.  We  may  further  tuinark,  that 
thu  >|>pennuiee  ofa  placenta  or  ovulifcrons  body  in  the  apparent  axil  of  a 
nore  proves  that  I)ie  body  in  qnesiion  belongs  lo  tlio  axis, 
Aaa  that  tlio  appendage  Ijcfoiv  the  pelals  of  rnmassia  and  the  American  Lin- 
tel Rpremitf  a  Lnneli  Instead  of  a  Icnf.  As  to  the  terminal  naked  ovnlo  of 
Ik  Tcv,  wl;cre  the  structutv,  on  any  view,  is  reduced  10  the  greatest  possibh: 
■haptirily,  it  is  mrely  as  probable  that  it  answers  to  the  earliest  formed,  or 
jUtr,  ponion  of  the  ultimale  phi-Ion,  ben;  alone  developed,  as  to  Ihc  aiatlae  pan, 
«Ucfc  so  aeldora  appears  in  tbc  flawcr.  The  most  imponnnt  uf  these  i>oinis 
by  Mr.  Brown,  in  Plania  Jananka  lian'oms,  pp.  107-  1)3,  fa 
which  apparently  are  not  sufficiently  studied  by  botanists. 


ttoad :  but,  »s  it  inroWf 


1  prron<yiiia  iden,  the  expressions,  Sjfl 


diUittct :  united  at  the  base ;  untied  to  the  middle,  or  gummil,  A^ 
as  the  case  may  bo,  t^hoiiM  be  employed  in  prefeivnce. 

559.  A  few  carnal  exeepliona  occur  to  the  general   ruin  thai 

I  OTulea  jvnd  seeds  are  bolli  prcxlueed  and  matured  within  an  oraiy, 

linniel}',  in  n  closed  cnrpeltary  leaf  or  set  of  combined  carpellary 

In  tlie  Hbte  Cohosh  (Caulopliyllum  thalictroides)  the  orules 

rupture  the  ovary  j^oon  after  flowering,  and  the  feeds  become  naked; 

I  and  in  Mignonette  they  are  impci'fectly  enclosed,  the  ovary  being 

n  at  the  Bummit  from  an  early  period.     In  all  euch  cnsea,  how- 

[  ever,  Ihe  pislil  i*  formed  and  the  oMiles  arc  fertilized  in  the  ordi- 

I  nary  wny. 

5G0.  G)1iaclnill  of  Gfmnosprnnnni  Planll.  A  far  more  remarkable 
exception  is  pre^nted  by  two  natural  families,  rix.  Conifene  (I'ines, 
Firs,  &C.)  and  Cycadacwc 
(Cycn.1,  Zamia).  Here 
the  pistil,  as  likewise  the 
nhole  flower,  is  reduced  to 
the  last  degree  of  simplid- 
ni  »w  'u  "'       ty ;  each  fejtilo  flower  con- 

Biedng  merely  of  an  open  cnrpellary  leaf,  in  place  of  an  ordinary  piolil, 
in  the  form  of  a  scale  (Fig.  511 -513,  515,  51G),  or  of  Borneo 
eliajie,  and   bearing  two  or   more  o>-ulea 
upon  some  part  of  ila  upper  purfnee.     At 
the  time  of  blossoming,  these  piatil-le-nves 
of  the  forming  cone  diverge,  and  the  pol- 
len, abnndanlly  shed  from  tlio  sUuninate 
blossoms,  falls  directly  u])on  the  exjHtsed 
ovules.     Allerwnrds  tlie  scales  close  over 
each  other  nnlil  the  seeds  are  ripe.     In  the 
,  Tew  there  is  no  carpel  or  pistil-leaf  at  all ; 
i  but  tlie  fertile  blossom  consists  of  a  solitary 
f  naked  ovule,  borne  on  the  extremity  of  a 

no.  611.  aalc,  I.  (.  ope 
Bttk  btBr ;  tba  nplwc  lUri  r 

na.  ei2  SlmlliT  tSfv  0 
•imla,ODa<ir  the  R«di  lu  iU  iiloce,  tbs  olberbUen  (ceduced 


fimnlDg  >  BuU  conn.    SK'.  One  i 
■»pn«*j  to  Tiew,  ibowiDg  a  pnlt  o 


mora  ui1ui;uil,  LLu  ini 
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■liort  1}rani.-K  tmH  eiirrounded  b;  a  {e\t  emuU  bmctg.  A3  the  o\-ute3 
are  here  nnktil  and  exposed  to  tlio  direct  contnet  of  the  ]iotlen,  and 
the  seeda  are  not  enrlosi-d  in  anything  answering  to  a  pod,  these 
have  received  the  niuue  of  Grjuiosi'tUMOva  1'lants,  thut  u,  j>liuiU 
with  naked  ew^. 


Sect.  Vm.     TuE  Oa-cle. 


e  erect  when  they  arise 
aseending,  when  fixed 


561.  Ottt-ES  (120,  543)  are  bodies  borne  by  the  pisttl,  T^-hictt,  on 
being  fertilized  and  having  nn  einbiyo  developed  in  tbeni,  become 
seeds.  To  tlifir  formation,  fertilization,  and  protection  all  llie  otiier 
parts  of  tlie  blossom  are  subservienL  They  vary  gri'nily  in  num- 
ber, from  one  (tolilaiy)  in  each  carpel  or  cell  to  a  multitude.  When 
few  and  unifonn  in  number,  ihey  are  wild  to  be  dejinite  ;  when  too 
ntmit-raud  to  be  readily  counted,  indefnite. 

563>  Aj«  to  siiuntion  and  direction,  they  a 
from  llie  verj-  bottom  of  the  cell  (Fig.  518)  } 
abovo  its  bn.-«  and  rising  obliquely 
tqmarda  {^'g-  ''17)  j  hori^ntalf 
wiieo  they  pmjectfrom  the  side  of 
tile  cell,  vrithout  turning  cither  iip- 
wsrda  or  downwards  (Fig.  342)  ; 
pendvhua,  when  they  hang  or  tui-n 
obliquely  downwarda  (Fig.  387)  ;  "' 

and  tutpendcd  when  han^ng  perpendicularly  from  the  very  Eiimnut 
of  ll»«  cell  (Fig.  519).  These  tetins  apply  to  the  seed  as  well  aa  to 
tike  ovule. 

SG3.  An  OTulo  b  at  first  a  minute  projection  of  the  placenta  (Fig. 
5S0),  of  Boft  and  homogeneous  parendiymn;  but  it  soon  acquires  R 
dcAoitc  form  and  structure.  It  may  be  either  sessile,  or  raised  on  a 
aUDc,  the  FtisicrLVS,  PoDOsri;nM,  or  Beed-«talk.  Tlie  point  of 
stbKJunmt,  which  in  tlie  seed  forms  the  sear,  is  called  the  HiLni. 

Sfi'l.  It  consists  of  a  kernel  or  niiclem,  and  usaally  of  one  or  two 
eoatd.  The  nuclens  b  the  essential  part  of  the  organ;  in  it  the 
mxAiryo  u  formed,  and  the  coats  become  the  integnmeuls  of  the 
Med.  The  ovule  of  the  Mistletoe  consists  of  a  naked  nucleus  only, 
tbere  being  no  integument.     The  ovule  of  the  Walnut  has  only  one 

irlhwiw,  to  ai.phy  ]u  »«williii!  n'nlr     S18. 
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coat :  this  appears  as  a  circular  ring  around  the  base  of  the  ibnning 
nucleus,  which  gradually  becomes  cup-shaped,  and  at  length  covers 
it  like  a  sac,  remaining  open,  however,  at  the  sununit.     This 

orifice  is  called  the  Foramen, 
or  MiCROPYLE.  In  far  the 
greater  number  of  cases,  a 
second  envelope  is  formed  out- 
side of  the  first,  beginning  in 
the  same  way,  though  alwaya 
later  tlian  the  inner  one^  which, 
however,  it  eventually  over- 
takes and  encloses.  Mirbel 
named  the  exterior  coat  of  the 
*^^  5»  C21       ovule  the  Primine,  and  the  in- 

terior the  Secundine,  —  names  wliich  are  attended  with  the  objec- 
tion that  the  vsecundine  or  inner  coat  is  actually  older  than  the 
primine  or  exterior  coat.  Both  sacs  are  open  at  the  apex,  and  the 
summit  of  the  nucleus  points  directly  towards  the  apertures.  The 
orifice  or  foramen  of  the  primine  or  exterior  integument  is  called 
the  ExosTOME  (or  outer  orifice)  ;  that  of  tlie  interior  or  secundine, 
the  Endostomk  (or  inner  orifice).  Tlie  coats, of  the  ovule  and 
the  nucleus  are  distinct  and  unconnected,  except  at  the  base,  or  point 
of  attachment  to  the  funiculus,  where  they  are  all  confluent :  this 
point  of  union  receives  the  name  of  the  Chalaza  (Fig.  521,  d). 
Through  the  funiculus  and  chalaza  the  ovule  derives  its  nourish- 
ment from  the  placenta ;  tlu-ough  the  opening  at  the  summit,  the 
nucleus  receives  the  tubular  prolongation  of  the  pollen,  which  incites 
the  formation  of  the  embr}'o. 

565.  Ovules  occur  under  four  principal  forms,  viz.  the  orthotnh 
pou^  or  straight,  the  campylotropous  or  curved^  the  amphitropoit^  or 
half-inverted,  and  the  auatropous  or  inverted.  The  simplest,  al- 
thougli  the  least  common  of  these,  is 

566.  The  Orlhotropons  Ovolc,  also  termed  cUrapous  (viz.  not  turned). 
It  is  the  form  which  this  organ  assumes  in  the  Buckwheat  family 
(Fig.  518),  and  several  others,  and  is  likewise  shown  in  Fig.  520, 
526,  and  a  longitudinal  section  of  it  in  Fig.  521.     Here  no  change  in 

FIG.  520.  An  orthotropoiu  OTnle.  521.  Longitudinal  section  of  the  mme,  more  magDified: 
a,  the  primine ;  6,  the  secundine ;  e,  the  nucleus ;  </,  the  chalaa.  522.  An  amphitropouf 
OTule.  523.  Three  anatropous  OTuIes,  with  long  funiculi,  attached  to  a  portion  of  the  placenta. 
524.  One  of  the  same,  more  highly  magnified,  exhibiting  its  cellular  structure.  525.  A  campy- 
lotropoos  OTole. 
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tbe  directioQ  of  parts  oocms  doriiig  growth;  but  the  base  or  chakza 
(Fig.  526y  c)  is  manifestlj  the  point  of  attachment,  the  orifice  (/) 
is  at  the  opposite  end,  and  the  ovule  is  straight  and  sjmmetricaL 


567.  The  CampylotropoiU  Omle  (Fig.  525,  527)  is  one  which  grows 
nnequallr,  and  consequently  curves  upon  itself,  so  as  to  bring  the 
apex  round  to  the  vicinity  of  the  base,  the  chalaza  (c)  and  the  orifice 
(/)  being  at  length  brought  nearly  into  contact  at  the  point  of  at- 
tadunent  Campylotropous  or  curved  ovules  are  found  in  the  Mig- 
nonette, in  all  Cruciferous  and  Caryophyllaceous  plants,  and  in  many 
otliers. 

568.  The  Anatropons  Onde  (Fig.  517,  519,  523,  524,  529)  is  far 
the  most  common  form.  It  is  best  described  by  likening  it  to  an 
orihotropous  ovule  which  as  it  grew  had  inverted  itself  on  its  funicu- 
li or  support,  so  that,  while  the  body  remains  straight,  its  orifice  or 
ipex  is  brought  down  to  the  funiculus  and  points  to  the  placenta, 
^bile  the  ciialaza  occupies  the  apparent  or  geometrical  apex,  i.  e.  the 
swnmit  or  point  directly  opposite  the  place  of  attachment.  The 
o^le,  thus  inverted  on  its  support,  coheres  with  it  for  its 
^hole  length,  and  accordingly  has  a  ridge  or  cord,  more 
*  less  manifest,  along  one  side  (Fig.  529,  r),  conncct- 
^  the  hilumj  or  place  of  attachment,  and  where  the 
•^  separates  from  its  insertion  (A),  with  the  chalaza  (c). 
^  cord  or  ridge,  which  morphologically  is  merely  a 
^^Winuation  of  the  stalk  or  support  of  the  ovule  adhe- 
'^  to  its  face  on  one  side,  or  incorporated  with  it,  is 
^•Ded  the  Rhaphe.  It  is  a  distinguishing  mark  of  an 
■Wix^us  ovule,  which  is  also  recognizable  by  its 
Wng  straight  and  by  having  the  orifice  close  to  the  point  of  attach- 
*caL    Tlie  rhaphe  itself  is  often  so  incorporated  with  the  coat  of 

10.  fi3S.    Orthotropoofl  oml*  of  Buckwheat :  c,  hilam  and  chalaza ;  /,  oriflee. 
to.  fi27.    Campy  lotropooa  omle  of  a  Chickweed  :  e,  hilom  and  chalaza  ;  /,  orifice. 
10.  628.    AmphitTopoaa  omle  of  Bfallow :  /,  orifice ;  A,  hilam  ;  r,  rhaphe ;  c,  chalaza. 
lO.  629.    Anatn^KNU  omle  of  a  Violet ;  the  parts  lettered  as  in  the  last. 
10.  630.    Vertical  sectkn  of  a  pistil  of  Bfagnolia  Umbrella,  firom  a  young  flower>bad|  mag- 
■Hid,  dftowfng  tbe  finning  omle,  hen  a  ilmple  protaberance. 
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the  ovule  or  the  seed  as  to  be  externally  nndistingaishable^  The 
seeds  of  IVIagnolia  offer  good  illustrations  of  this.  Tlie  mode  of 
formation  and  the  internal  structure  of  anatropous  or  inverted  ovules 
will  bo  apparent  on  inspection  of  Fig.  530  -  536. 


J 
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5G9.  The  Amphitropons  Omle  (Fig.  522,  528),  ako  called  heierotrch 
potis,  differs  from  the  anatropous  in  having  a  short  rhaphe  (Fig. 
528,  r),  extending  from  the  chalaza  (c)  only  about  half-way  to  the 
orifice  (/).  It  is  attached  accordingly  by  the  middle  of  one  side, 
and  has  the  chalaza  at  one  end  and  the  orifice  at  the  other.  It  may 
be  regarded  as  a  half-anatropous  or  half-inverted  ovule ;  and  aU  gra- 
dations occur  between  this  and  the  anatropous  form,  into  which  it 
would  pass  by  the  cohesion  of  the  side  of  the  ovule  with  the  support 
a  Httle  farther  down.  Amphitropons  ovules  are  general  in  the  Mal- 
low and  the  Primrose  families.  As  such  an  ovule  stands  'with  its 
axis  at  right  angles  with  the  funiculus,  if  there  bo  any,  it  is  also  said 
to  be  transverse. 

570.  jMost  of  these  terms  apply  to  seeds  as  well  as  to  ovules ;  and 
the  general  structure  of  the  seed  may  bo  known  beforehand  from 
tliat  of  the  o\ailes.  "We  are  now  prepared  to  contemplate  the  pro- 
cess by  which  an  ovule  becomes  a  seed. 


Sect.  IX.    Fertilizatiox  and  Formatiox  op  the  Embryo. 

571.  Ix  order  to  the  formation  of  the  embryo  (118),  the  o\ide3 
require  to  be  fertilized  by  the  pollen.  Cases  o^  parthenogenesis^ 
i.  e.  of  the  formation  of  perfect  seed  without  the  agency  of  pollen, 
doubtless  do  sometimes  occur,  and  have  been  noted  in   several 

FIO.  531.  A  similar  side-Tiew  of  the  ovule  of  the  laat,  a  woek  or  two  later,  and  more  nuv* 
xdfled ;  showing  the  nucleus  encircled  by  the  coats  in  fomiation,  as  two  rings  or  shallow  cupi 
one  within  the  other.  632.  The  same,  a  few  days  later,  more  adranccd  and  begioning  to  turn. 
533.  The  same,  further  adranccd.  531.  The  same,  soon  after,  with  the  Inrersion  almotk 
complete,  and  the  outer  coat  corering  the  inner,  except  at  the  orifice.  535.  The  completed 
anatropous  ovule  rom  a  full-grown  flower-bud.  530.  A  longitudinal  section  of  the 
displaying  the  rhaphe,  the  two  couts,  and  the  nucleus. 


TQE  ACCESS  OF  THE  POLLEN. 


;>  planU.  More  Ihnn  half  a  ceutuiy  ago,  Spatlanzfiiu  frtiind 
tliat  Ibf  plslillale  blossoms  of  Ilcmp  may  produre  fertile  seed  willi- 
ouL  (lie  concurrL'nce  of  [Killen ;  and  recently  Naudin  and  Dvcaisns 
hnve  Mnifirmed  the  fact  by  experiment,  mid  from  seeds  produced 
tritliout  fertilization  have  raised  a  fiecoiid  generation  of  plants,  the 
pistillate  indiriduals  of  wliieh,  kept  from  all  access  of  pollen,  have 
tliemsclves  rijiened  seeds  with  perfect  embryos."  Two  or  three 
dkodoos  Euphorbiaceous  jthmts  are  known  to  produce  good  Eccd 
nndar  the  same  circumstances,  and  Naudin  has  shown  it  freely  to 
occur  in  Bryony.  Still  tliese  are  very  exceptional  cases,  and  are  all 
eonJined,  so  for  as  known,  to  dioecious  plants.  Ordinarily  the  access 
of  l»Uen  of  the  species  to  the  o\-u]cs  is  nceesBary  to  the  production 
of  the  embryo. 

£72.  Tbe  Aceeu  of  titn  Pollea  to  ilia  pLstil  is  secured  in  a  great 

T&riety  of  ways  and  adaptations.     In  hermaphrodite  blossoms  the 

relative  length  and  [Kisition  of  the  stamens  and  stigmas  are  com- 

noaly    no    adjusted    that   the   pollen  may   fidl  directly   upon  the 

H^niA,  ihu  anthers  being  usually  higher  than  tlie  stigmas  when 

the  flower  is  upright,  and  shorter  when  it  is  noddmg.     Sometimes 

pollea  Li  projected  Ujwn  the  stigma  by  transient  and  often  sudden 

I     SMvemcnt^,  either  meclumical,  as  in  Kahnia,  or  spontaneous  luid 

bariplt  M  in  the  Barberry  (lo  be  meittioned  in  another  place).     Some- 

^^^^■l  ittnilization  takes  place  in  tlie  bud,  where  the  parts  arc  in 

^^Hbilion,  or  the  anthers  are  kept  in  contact  with  or  proximity  to 

^1b  Btigma,  as  in  papilionaceous  flowers  by  the  enclosing  keel-petals, 

sod  in  tlie  Fumitory  family  by  a  close-fitting  little  sac  fonncd  of  tlie 

nnited  spoon-shnped  tips  of  the  two  inner  petals  confining  the  ao- 

tliera  lo  tlie  stigma.    Very  often  llie  pollen  is  conveyed  from  the 

Vitbers  to  ilie  stigma  by  insects,  searching  for  honey  or  nectar ;  and 

lliere  are  many  species  in  wliich  fertilization  seems  absolutely  to 

di^und  upon  llie  agency  of  insects ;  such,  for  instance,  as  those  of 

Arii4olochia,  A^rlepias  or  Milkweed,  and  many  jilants  of  the  Orchis 

'.     In  dioecious  and  many  monccrious  plants,  with  widely  sep- 

blossoms,  fertilization  is  mainly  dependent  upon  insects,  pas»- 

flower  to  flower,  and  upon  winds  and  currents.     And  the 

quantity  of  pollen  which  many  such  plants  produce  com- 

the  greater  distance  of  the  passage,  and  greatly  dimln- 

clianco  of  failure.     The  air  of  a  Pine  forest  lu  flowering- 

Stmlia,  Vol.  43.  1S50,  wiJ  JtuuU-r'a  Journal  0/ Jimait!/.  1857,  p.  S3. 
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time  is  almost  loaded  with  pollen,  some  of  which  is  often  wafted  by 
the  winds  for  manj  miles. 

573.  The  pollen  of  Pines  and  other  Gjmnospermous  plants  falls 
directly  upon  the  naked  and  exposed  ovules  (560).  On  all  others, 
the  ovules,  being  secluded  in  a  closed  ovary,  can  be  fertilized  only 
througli  the  stigma.  In  these,  accordingly,  we  have  first  to  con- 
sider. 

574.  The  Action  of  Pollen  on  the  Stigma.    The  loose  papilhc,  or 

often  the  short  projecting  hairs  of  the  stigma,  and  the  moist  surface, 
serve  to  retain  the  grains  of  pollen  on  the  stigma  when  they  have 
once  reached  it.  Absorbing  some  of  this  moisture,  and  nourished 
by  it,  the  grains  of  pollen  whi(;h  are  favorably  situated  soon  begin 
to  grow,  or,  as  we  may  say,  to  germinate.  The  thin  inner  mem- 
brane (534)  extends,  breaks  through  the  thicker,  but  weak  or  brittle, 
outer  coat  at  some  point  (or  rarely  at  two  or  three  places),  and 
lengthens  into  a  delicate  tube,  filled  with  the  liquid  and  molecular 
matter  that  the  grain  contains.  This  tube  (Fig.  537  - 540),  remain- 
ing closed  at  the  extremity,  penetrates  the  loose  tissue  of  the  stigma, 
and  is  prolonged  doi^Tiwards  into  the  style,  gliding  along  the  inter- 
spaces between  the  very  loosely  disposed  cells  of  the  moist  conduct- 
ing tissue  (541),  which  extends  from  the  stigma  to  the  cavity  of  the 

ovary,  and  at  len^h  reaches  the  placenta, 
or  some  other  part  of  the  lining  of  the 
ovary,  and  its  extremity  appears  in  the 
c(;ll.  This  prolongation  into  a  tul>e,  often 
many  hundred  times  the  diameter  of  the 
pollen-grain,  is  a  true  gro-vvtli,  after  the  man- 
ner of  elongating  cells  (37  -  97),  nounshed 
by  the  organizable  moisture  of  the  style 
which  it  imbibes  in  its  course.  Now  the 
orifice  of  the  ovules,  or  a  projection  of 
the  nucleus  beyond  the  orifice,  is  at  this 
time  brought  into  contact  \vnth,  or  close 
proximity  to,  that  portion  of  the  walls  of  the  ovary  from  which  the 
pollen-tubes  project;  and  a  pollen-tube  thus  enters  the  orifice  of 
each  ovule,  and  reaches  tlie  nucleus,  in  which  the  nascent  embrj'o 

FIG.  587.  A  pollen-grain  of  Datara  Stramonium,  emitting  its  tube.  538.  Pollen-grain  oC 
a  ConTolTultis,  with  its  tube.  539.  Otiier  pollen-grain?,  inrith  their  tubes,  less  strongly  rang- 
nifled.  540.  A  poUen-grnin  of  the  Evening  Primrose,  ivsting  on  a  portion  of  the  stigma,  into 
which  the  tabe  emitted  from  one  of  the  anglei  penetrates ;  the  opposite  angle  alao  emitting  » 
poUen-tabe. 
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aqnenll^r  a; 


i  plants  (560,  573),  the 


appoars.     In  Gymno^p 
pollra-grairu  grow  nt  the  orifice  of  tlie  naked  orule,  and  immediately 
putetrate  iu  Duclcua,  juel  as  they  do  the  stigma  in  ordinary  plunU. 

575.  I'ollen-tubes  may  he  rt-adily  inspected  under  the  microscope 
in  many  phmlA  j  in  nunc  more  readily  than  in  the  Asclepias,  or 
Uilkweed,  one  of  the  plants  iu  whicli  this  subject  was  so  ndmirafaly 
investigated  by  Air.  Brown.  In  lliat  fumily,  the  pollen-gi'nins  of 
«ach  cell  of  the  anther  (Fig.  541)  cohcra  in  a  mass;  and  these 
poDen-maiises,  dislodged  &om  Iheir  cells  (Fig.  542,  543),  usually  by 
Um  agency  of  insects,  and  brought  into  proximity  with  the  base  of 
tile  stigma,  protrude  their  tubes  in  great  abundance.  Tliey  may  be 
•een  to  penetrate  the  base  of  the  stigma,  as  in  Fig.  544,  and  sepa- 
nte  gntii^  with  their  tubes  mny  be  delachcd  from  the  mo^  (^''iK- 
546,  547)  !  but  to  trace  their  course  don-n  the  style  (as  in  Fig.  545), 
and  to  their  final  destination,  requires  much  skill  in  manipulation 
aoA  the  best  means  of  researcli. 

576.  nie  formation  of  the  pollen-tube  c 
altnofit  immediately  d,  ;, 
npoa  I  lie  npplica- 
don  of  the  pollen 
to  the  stigma ;  in 
Others  it  is  not  per- 
Mrptible  until  aAer 
the  lapse  of  f roifi  ten 
to  thiny-«is  hours 
or  more.  Tlie  rate 
of  I  he  growth  of  the 
{wDen-aibe  down 
the  style  is  also 
rttj  Tarious  in  dif- 
fcrrot  plants.  In  "'  w  >» 
MOW  species,  a  week  or  more  elapses  before  they  liave  passed 

style  even  of  a  few  linea  tn  length.    In  others,  a.  few 


.  Ul  A  Uck  Tin  ft  ■  itunni  of  tbm  Fommon  Mllkined  (AKlsplul,  the  ■ptHsdiga 
%j.  U3.  A  ■umta  mon  Dueniflnl,  wilb  lbs  Imi  paUfiii-DiiHci  labcriiig  tif  Ihrit  n»- 
mib  In  ■  gluJ  rnuD  lh«  nuamK  of  Iba  •Uiniu'i'  f"^!,  I"  ■bkb  ■  |>ollai4au>  ffotn  na 
uuthvr  ia  kJjwvIj  BdbeToit-    UB.  A  pair  of  Uituliwl  tirllmi  miTi  (nirh  trainAdlf- 

ipo»  (nffcjt  Brown).  MS.  A  Hction  Uicoogti  tho  Iusb  silg- 
I  kol;  Ul  ■  fin  of  Uw  inmmitor  one  of  Uib  itfln,  thowlDg  Um  cwiiKaf  Ibii  pDUn- 
.  W,  MI.  PDOn-gnliii  wlib  ibrir  ti>b«,  bighlj  miguiaed.  (Tho  icraetura  g[  limm 
hr  A(F«<B  «UI  ti*  uigT*  IdI!;  tipkliin]  undn  Ois  otiar  Aiikjiiailaini.) 
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hours  suffice  for  their  pa«}sage  through  even  the  longest  styles,  snch 
as  those  of  Colcliicumy  Mirabilis  or  Four-o'clock,  and  Cereus  grandi* 
fiorus.  After  the  pollen-tubes  have  penetrated  the  stigma,  the  latter 
dries  up,  and  its  tissue  begins  to  wither  or  die  awaj,  as  likewise 
does  the  body  of  the  pollen-grain,  its  whole  contents  being  trans- 
ferred to  the  pollen-tube,  the  lower  part  of  which  may  still  be  in  a 
growing  condition. 

577.  Before  the  pollen-tube  has  reached  the  ovule,  or  more  comr 
monly  even  before  the  pollen  is  applied  to  the  stigma,  a  cavity  ap- 
pears in  tlie  interior  of  the  nucleus  of  the  ovule,  near  its  apex. 
This  probably  results  from  the  special  gro\ith  of  a  particular  cell, 
which  expands  into  a  bladder  or  closed  sac,  at  length  commonly  oc- 
cupying a  considerable  part  of  the  nucleus,  —  sometimes  remaining 
enclosed  in  its  tissue  towards  its  summit  or  orifice,  sometimes  dis- 
placing the  upper  part  of  the  nucleus  entirely,  or  even  projecting 
through  the  mii'ropyle.  This  is  the  sac  of  the  amnios  of  Mr.  Brown, 
the  emhnfo^ac  {sac  emhryonaire)  of  the  French  botanists.  In  this 
sac  the  embryo  is  formed. 

578.  Origin  of  the  Embryo.  From  the  latter  part  of  the  seven- 
teenth century,  when  the  relative  functions  of  the  stamens  and  the 
pistils,  and  something  of  the  structure  of  the  ovule,  were  demon- 
strated by  Malpighi,  Grew,  &c,  until  about  the  year  1837,  it  was 
almost  universally  supposed  that  the  embrj'o  was  a  product  of  the 
ovule,  in  some  way  incited  or  fertilized  by  the  pollen.  One  ^v^iter, 
viz.  Samui'l  Morland,  had  indeed  propounded  the  crude  hj-pothesis, 
that  a  pollen-grain  itself,  d(»scending  bodily  through  the  style,  was 
received  into  the  orifice  of  the  ovule,  and  became  the  embryo.  The 
absui-dity  of  this  view  was  soon  made  evident.  But  how  the  pollen 
acted  was  wholly  unknown  until  Amici,  in  1823,  discovered  j)ollen- 
tul)es,  penetrating  the  stigma,  and  Brongniart,  Brown,  Amici  himself, 
and  Schleiden,  witliin  the  ensuing  twelve  or  fourteen  years,  had 
demonstrated  their  universality,  and  traced  these  slender  tubes  into 
the  ovary,  and  even  to  the  nucleus  of  the  ovule.  Then  commenced  a 
spirited  controversy,  which  has  only  just  now  been  brought  to  a  close. 
For  Professor  Schleiden,  in  the  year  1837,  advanced  the  view  that  the 
extremity  of  the  tube  of  the  pollen,  entering  the  nucleus  of  the  ovule, 
there  developed  into  the  embryo,  —  thus  anew  deriving  the  embiyo 
or  new  plant  substantially  from  the  pollen  instead  of  the  ovide. 
This  view  has  recently  been  abandoned  by  its  indefatigable  author 
and  his  most  able  supporter,  Schacht,  having  been  thoroughly  dis- 
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in  all  points  by  a  aeries  of  elnborale  investigations  modo  by 
HirbeU  Amifi,  Gii'aui!,  Mohl,  Ilofmeisler,  Unger,  Tulasne,  Henfrey, 
and  RttilikoTer.  So  that — passing  by  tlie  whole  liistory  of  this  long 
disruwion,  nnd  merely  appending  some  references  to  the  more  im- 
portaot  publications  upon  the  eubjecL  •  —  we  need  only  stale  here, 
Id  the  most  general  terms,  the  principal  facta  which  ore  now  held 
to  be  esitablished.  Tin, : — 

579.  The  pollen-lube  terminates  on  the  outer  fiarface  of  the 
embryo-sac,  or  sometimes,  perhaps,  forces  its  way  into  it.  Ordina- 
ritj  its  extremity  becomes  firraly  adherent  to  the  surface  of  the 
onbryo-sac,  and  it  appears  to  remain  closed.  Henfrey,  indeed,  Is. 
led  to  finppOEe  that  the  membrane  of  tlie  poUen-tube  and  tliat  of  the 
cjnbiyo-sac  are  absorbed  at  the  point  of  contact,  and  that  the  former 
Ibits  discbarges  its  contents  into  the  cavity  of  the  billcr ;  but  this  is 
merely  an  unproved  inference,  suggested  by  the  analogy  of  what  is 
now  known  of  the  process  of  fecundation  in  Cryptogamous  plants. 
At  pTv^etit  it  appears  most  probable  that  the  contents  of  the  poUen- 
tube  are  drawn  into  tlie  embr)-o-sac  by  endosmosis.  However  this 
angr  be,  shortly  after  reaclung  the  embryo-sac  the  pollen-tube  be- 
notes  empty,  imd  decays  or  wiihera  away.  Meanwhile  the  body 
winch  by  its  development  is  to  give  rise  to  the  embryo  appears  in 
the  embryo-sac  independent  of  the  pollen-tube.  According  to  most 
bveBtigators  it  generally  appears  before  the  pollcn-tubo  has  entered 
te  ovule     (The  high  authority  of  Tulasne,  however,  is  thus  far 


'BtUcidm  lint  pablitbod  his  ftunons  theory  in  Wivgmann's  ArFhiv,  IS37, 
Mia  Ana  .V<m»  Aead.  .V(rf.  C^ir.,  Vol.  19.  Il  WHS  cutcndwl  and  defended  In 
til  Ijnnnalii:  works,  —  nod  espetinll]' bj  SchacliL  in  Traai.  Krilierlanila  Imill- 
U^  tKO,  in  Bol.  Zriltmff.  IBSi  (transl.  in  .-tnn.  Sri.  Nal.  of  that  your),  in  his 
BiMft.lwil.  4"  fh'i  '■>  '"^  *'>''''  ^1  tho  inicrosKpc,  of  wliich  >n  English 
^Mluian  IiT  Dr.  Cumj  wrs  published  in  1855,  anil  in  Iho  Itcj^nsberg 
f^  ISSS  (Jrx.  .Sri.  Nat.  1855).  Sec  bIso  Dveclte  ia  Boi.  Zcitimj,  1855 
(iih&'.A>i(.,  1-  c).  On  iho  other  tidu  of  the  qncsiion  the  inoatiinporuint  of 
^IMcnt  pulilicoliaiu,  linee  the  appraranco  of  Mohl's  Pr'mcipia  nflht  Analami/ 
'  Pliftielcyg  of  Iht  VrsrIaUt  Cdl,  in  Iho  English  iransUtkia  { 185a),  and  Oio 
Ui  Omit  in  Iho  Atimyniphic  Dirtionanf  bj  Henfrey,  are :  Iloftneisier,  in 
^  Kay,  lass,  and  HobI,  in  ISu.  Zeitury,  June,  1855  {both  rcprodaced  in 
W  Sd.  ,Vu(,  MtT.  *.  Vol.  3,  1855) ;  TdIusdc,  in  Am.  Sr(.  Xal..  scr.  *,  Vol.  4, 
UUibiing  tlio  TOmplcmcnt  of  his  gw-t  nicnioir  published  in  the  same  jonraal 
tel.  Vol.  12.  1849)  ;  Radlkofer,  Die  tirfrurMimg  der  Phaaeragamim,  Leipiic, 
;  BraifiVT,  Datlopnifitt  of  lAa  Ottile  of  SaiatUuiu  ailHun,  &c.,  ia  2nuu.  Lim. 
"   ,«,  parti,  1856. 
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oi^K»ed  to  the  pre-eziBt«nce.)  It  ia  a  Bmiill  mass  or  g^olnle  o(  pio- 
b^iIOBiiuc  matter,  cither  loose  in  the  cavity  of  the  embiyo-B&c  near 
the  place  to  which  the  poUen-tnbe  is  applied  exteroally,  or  else  ad- 
herent to  the  interior  surface  of  the  wall  of  the  embiyo-sac  in  this 
immediate  vicSnilj,  or  6<mietimes  separated  {ram  the  embryo-sac  by 
an  interposed  globule,  or  by  a  pair  of  Bach  globules.  This  body,  tha 
mdiment  of  the  future  embiyo,  has  been  termed  the  embryonal  at 
germinal  vetide.  Thia  is  not  yet  a 
cell ;  for  it  has  no  covering  or  wall 
of  cellulose.  But  it  bo«i  becomea 
one  when  a  pdlen-tube  reacbea  the 
embryo^ac,  the  first  known  resiilt  of 
fertilization  being  that  a  coat  of  cel- 
lulose is  depodted  upon  its  stuAtoot 
This  newly^ormed  cell  grows  by 
cell-multiplication  (33),  either  pro- 
ducing a  mass  of  cells,  as  sliown  in 
Fig.  10  - 14,  or  else  in  the  first  place 
developing  into  an  elongated  cell  or 
a  thread-shaped  chun  of  cells  (the 
mtpentor),  the  lower  cell  of  which 
divides  in  all  directions,  forming  a 
ma^  which  as  it  grows  shapes  itself 
into  the  embryo  (Fig.  540-553). 
The  radicle  or  root-eud  of  the  em- 
bryo is  always  that  by  which  it  is 
attached  to  the  sui^pensor  (wlilch 
ordinarily  soon  di.«appenrs)  or  to  the 
summit  of  the  embryo-sac,  the  coty- 
ledons occupying  the  opposite  ex- 
tremity. Tlie  radicle  accordin^y 
is  always  directed  to  the  orifice  or 
micropylc  of  tlic  o^^le  and  seed. 
580.  Through  the  fertilizaUon  of  as  many  germinal  vesicles,  two 
or  more  embryos  are  frcqiiently  found  in  the  same  seed,  in  the 
Orange,  the  Onion,  and  many  other  plants.    There  are  generally 


no.  U8.  Migidllftl  pum  at  Bock"h«t ;  thi  orarjr  ana  o' 
poUm  on  Uh  itigniu,  on  gimia  dSitiacOy  shoring  iti  tube,  vl 
id  In  (li*  tt.ritj  of  Ui«  oni;,  aMti  Uie  moulb  or  U 
Biitii70-<M  (I),  m 
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two  embryos  in  the  seed  of  the  IGstletoe ;  and  there  is  nsnall j  a 
plurality  of  embryos  in  Pines  and  other  Gymnospermous  plants 
(560),  though  all  but  one  m» 
are  more  commonly  abor- 
tive or  rudimentary.  There 
are  other  striking  peculiar- 
ities in  the  fecundation  of 
Pines,  &a,  which,  however, 
cannot  be  readily  explained  without 
entering  into  more  detail  than  is 
here  advisable.*  In  Pines  and  their 
allies,  moreover,  the  embryo  is  not 
developed  until  a  long  time  afler  the 
a{^lication  of  the  pollen,  and  the 
filling  of  the    embryo-sac  with   the 

cellular  tissue  which  forms  the  basis  of  the  albumen  of  the  seed ; 

the  fruit  and  seed  of 
true  Pines,  as  is  well 
known,  not  maturing  un- 
til the  year  afler  that 
in  which  the  blossoms 
appiear* 

SSO*.  The  further  development  and  the  structure  of  the  embryo 
and  the  seed  must  be  considered  afler  the  Fruit,  of  which  it  consti- 
tutes apart. 


sn 


SS7 


fl 


*  See  Hofmcister,  Untenuchm^en,  &c. :  Researches  into  the  Fertilization,  &c, 
of  the  higher  Cryptogamla  and  thq  Conifene  (Lcipsic,  1851),  with  seven  plates 
devoted  to  the  embiyologj  of  Conifene. 


no.  6tf .  Dbgnun  of  the  mupenaor  and  forming  embryo  at  Its  eztxemlty.  660.  The  Mune, 
vHh  the  embryo  a  little  more  dereloped.  651.  The  nme,  more  dereloped  still,  the  cotyledons 
frintly  Indicated  at  the  lower  end.  662.  Some,  with  the  incipient  cotyledons  more  manitot 
561.  The  emhryo  nearly  completed. 

no  664-666.  Forming  embryo  firom  a  half-grown  teed  of  Buckwheat,  in  three  stages. 
with  the  cotyledons  ftilly  dereloped. 
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OP  THE  FRUIT. 


Sect.  L    Its  Structure,  Transformations,  and  Dehiscence. 
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581.  The  fertilized  ovary,  increased  in  size,  and  usually  under- 
going  some  change  in  texture  and  form,  becomes 

582.  The  Pericarp,  or  Sced-Tessel.  The  pericarp  and  the  seeds  it 
contains  together  constitute  the  Fruit  ;  a  term  which  has  a  more 
extensive  signification  in  botanical  than  in  ordinary  language,  being 
applied  to  all  mature  pistils,  of  wliatever  form,  size,  or  texture.  To 
the  fruit  hkewise  belongs  whatever  organs  may  be  adnate  to  the 
pistils  (468).     Such  incorporated  parts,  like  the  fleshy  calyx  of  the 

Apple  and  Quince  (Fig.  809,  812),  sometimes 
make  up  the  principal  bulk  of  the  fruit. 

583.  Indeed,  the  calyx,  when  wholly  free 
from  the  pistil,  sometimes  becomes  greatly 
thickened  and  pulpy  after  flowering,  and  is 
transformed  into  what  appears  like  a  berry; 
as  in  Gaultheria  (Fig.  913),  where  the  real 
fruit  is  a  dry  pod  within  ;  and  in  Strawberry 
Elite  (Fig.  1099),  where  the  fleshy  calyxes  of 
a  head  of  flowers  each  surround  a  small  seed- 
like fruit,  and  together  form  a  false  multiple 
fruit,  i^esembling  a  strawberry. 

584.  Even  the  strawbeny  itself  is  not  a 
fruit  in  the  strict  botanical  sense :  that  is,  the 
edible  substance  is  not  a  ripened  pistil,  nor  a 
cluster  of  pistils,  but  is  the  receptacle  or  ex- 
tremity of  the  flower-stalk,  greatly  enlarged 
and  replete  with  delicious  juice ;  the  true  fruits 
being  the  minute  and  seed-like  ripened  ovaries 
scattered  over  its  surface  ;  as  plainly  appears 

from  a  comparison  of  Fig.  558  with  559.     Moreover,  a  mulberry, 

no.  658.    Vertical  wction  of  a  forming  strawberry,  enlarged. 

FIG.  559.    Similar  lecUon  of  one  half  of  a  ripe  strawberry,  and  of  some  of  the  smaU  icedr 
Ukfl  flniita,  or  ichenia,  mx  Its  aai&ea. 
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»  pinc-apple  consist  of  the  ripened  producis  of  many 
fhwen,  crowded  on  on  axis  or  common  receptacle,  whielk  makes  a 
port  of  the  edible  mans. 

585.  Utider  tho  general  name  of  fruit,  therefore,  even  as  the  word 
is  used  by  the  botanists,  tilings  of  very  different  Btrueturc  or  of  dif- 
ferent degrees  of  complexify  are  confounded.  We  must  di^lingulsh, 
therefore,  between  simple  fruits,  resulting  from  a  single  flower,  and 
a  muiliple  fruit,  resulting  from  the  parts  of  more  tban  one  flower 
econbined  or  eollentcd  into  a  mass.  We  must  also  distinguish  bo- 
Iween  true  fruits,  foi'med  of  n  matured  pistil,  either  alone  or  with  a 
calyx,  &c.  ailnatc  to  it,  and  fruits,  so  caUed,  of  which  the  jicricarp 
does  not  form  an  essential  part. 

58C.  Oblilfration  or  lltemtiOD.  The  pericarp,  being  merely  llie 
pstil  matured,  should  accord  in  structure  with  the  latter,  and  con- 
tain no  organs  or  parts  that  do  not  exist  in  the  fertilized  ovary. 
Some  allenuions,  however,  often  take  place  during  the  growth  of 
the  fruit,  in  consequence  of  the  abortion  or  oliliteiiitiou  of  parts, 
Thns,  ibe  ovary  of  the  Oak  consists  of  tlireo  cells,  wiih  a  pair  of 
ovoles  in  each  j  but  the  acorn,  or  ripened  fruit,  presents  a  single 
cell,  filled  with  a  solitary  seed.  In  this  case,  only  one  ovule  is 
maltired,  and  two  cell^  mid  Ave  ovules  are  euppressed.  The  ovaiy 
of  the  Uorsechcstnut  and  Buckeye  is  similar  in  structure  (Fig. 
777  ~  780),  and  seldom  ripens  more  than  one  or  two  Kccds ;  but  the 
aboftiTe  seeds  and  cells  may  be  delected  in  the  ripe  fruit.  The 
«vary  of  the  Birch  and  of  the  Ehn  is  two-celled,  wiih  a  single  ovule 
in  each  cell :  the  fruit  is  one-ceUed,  with  a  solitary  seed ;  one  of  the 
ovules  or  young  fiecda  being  uniformly  abortive,  while  the  oUier  in 
enlarging  ihnisls  the  dissepiment  to  one  side,  so  ns  gradually  to  ob- 
Klente  (he  empty  cell ;  and  similar  instances  of  euppression  in  the 
htBi,  ot  jtoTts  actoally  extant  in  the  ovary  are  not  uncommon.  On 
Che  othw  h.ind,  there  are  sometimes  more  cells  in  the  fruit  than 
properly  belong  to  the  pistiL  For  instance,  the  ovary  of  Datura 
Stnnoniura  is  two-celled ;  but  the  fruit  soon  becomes  spuriously 
tiiir<tUed  by  a  false  partition  connecting  eacli  placenta  with  the 
iHsal  eulure.  So  the  compound  ovary  of  FInx  when  young  is  five- 
CeAed,  hut  witli  a  strong  projection  from  the  back  of  each  celt  (Fig^ 
500)  which  at  malurity  divides  the  cell  into  two,  thus  rendering 
the  froit  ten-celled.  And  some  legumes  are  divided  transversely 
hito  (creml  cclli,  although  the  ovary  was  one-celled  with  a  continu- 
f  in  the  flower. 
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587.  Ripeniog.  The  pericarp  sometimes  remains  herbaceous  in 
texture,  hke  the  pea-pod,  or  becomes  thin,  dry,  and  membranaoeoas, 
like  the  pod  of  the  Bladder-Senna.  In  such  cases  it  is  famished 
with  Btomates,  continues  to  liave  chlorophyll  in  its  cells,  and  acti 
upon  the  air  like  an  ordinary  leaf.  In  other  plants  the  pericarp 
thickens,  and  either  becomes  hard  and  dry,  like  a  nut,  or  else  fleshy 
or  pulpy,  like  a  berry  (gooseberry,  grape,  &c).  Sometimes  the 
outer  portion  softens  into  flesh  or  pulp,  while  the  inner  porticm  hard- 
ens, thus  forming  a  stone-fruit,  like  the  cherry  and  peach. 

587'.  Most  fleshy  or  pulpy  fruits  are  tasteless  or  slightly  bitter 
daring  their  early  growth;  at  which  period  their  structure  and 
chemical  composition  arc  similar  to  that  of  leaves,  consisting  of  cel- 
lular with  some  woody  tissue ;  and  their  action  upon  the  atmosphere 
is  likewise  the  same  (346).  In  their  second  stage,  they  become 
sour,  from  the  production  of  acids  (353)  ;  such  as  tartaric  acid  in 
the  grape ;  the  citric,  in  the  lemon,  orange,  and  the  cranberry ;  the 
malic,  in  the  apple,  gooseberry,  &c.  At  this  period  they  exhale  very 
little  oxygen,  or  even  absorb  that  substance  from  the  surrounding 
air.  The  acid  increases  until  the  fruit  begins  to  ripen,  when  it  grad- 
ually diminishes,  and  sugar  is  formed.  In  the  third  stage,  or  that  of 
ripening,  the  acids,  as  well  as  the  flbrous  and  cellular  tissues,  gradu- 
ally diminish  as  the  quantity  of  sugar  increases ;  the  latter  being 
produced  partly  at  the  exj>ense  of  the  former.  A  chemical  change, 
similar  to  that  of  ripening,  takes  place  when  the  green  fruits  are 
cooked ;  the  acid  and  the  mucilaginous  or  other  products,  by  the  aid 
of  heat  reacting  upon  each  other,  are  both  converted  into  sugar. 
Mingled  with  the  saccharine  matter,  a  large  quantity  of  vegetahU 
jelly  (83)  is  also  produced  in  most  acidulated  pulpy  fruits,  ex- 
isting in  the  form  of  pectine  and  pecttc  acid.  These  arise  firom 
the  reaction  of  the  vegetable  acids  during  ripening  upon  the  dex- 
trine and  other  ternary  products  accumulated  in  the  fruit 

588.  Wlien  the  walls  of  a  pericarp  form  two  or  more  layers  of 
dissimilar  texture,  the  outer  layer  is  called  the  Epicarp,  the  middle 
one,  Mesocarp,  and  the  innermost,  Endocarp.  A  stone-fruit  or 
drupe,  like  the  peach,  consists  of  two  layers,  viz.  the  outer  or  fleshy 
layer,  which  is  therefore  termed  the  Sarcocarp,  and  the  inner,  or 
cndocarp,  the  shell  or  stone,  which  is  also  termed  the  Putameru 

589.  Fruits  also  may  be  divided  into  the  indehiscent  or  closed,  and 
the  dehiscent  or  those  that  open.  Fleshy  fruits  generally,  stone- 
fruits,  and  many  dry  fruits,  especially  one-seeded  ones,  such  as  nuts^ 
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acih^a,  S^.,  remain  indehiscent ;  wliile  most  pods  or  capsuled  ddutce 
at  Biaturiif. 

590.  Some  poda  buret  irregularly  when  ripe  and  dry ;  orliers  open 
and  abed  iheir  eeeds  by  definite  pores,  aa  tlie  Poppy,  or  by  larger 
botes,  cbitika,  or  valves,  us  the  Campanula,  Snapdragon,  &e. ;  or  by 
a  transverse  line  cutting  off  the  lop  of  tbe  pod,  as  in  Henbane  and 
Purslane.     Tliese  arc  modes  of  irregular  dehitcence.     But 

691.  DthiKCace,  when  regular  and  normal,  id  effeeted  by  a  vertical 
scpfu-ation  or  splitting,  viz.  by  the  oiioning  of  one  or  both  sutures  of  the 
oraiy  (S-13),  or,  in  a  fruit  resulting  from  n  compound  ovary  (548), 
by  the  di.yunction  of  the  united  parts.  The  several  modes  of  dehis- 
cence will  be  characterized  under  the  kinda  of  fruit  in  which  they 
occur  (607-C14). 


Sect.  II.    The  Kikds  of  Fkuit. 

592.  The  various  kinds  of  fruits  have  been  minutely  classified 
and  named  ;  but  the  terms  in  ordinary  use  are  not  very  numerous. 
A  rigorously  exact  and  particular  classification,  discriminating  be- 
tween the  fruits  derived  from  simple  and  from  compound  pistils,  or 
beiween  those  with  and  without  an  adnato  calyx,  becomes  too  recon- 
AlC  and  technical  for  practical  purposes.  It  is  neither  convenient 
vat  pbilosopLical  to  give  a  substantive  name  to  every  variation  of 
Ibe  same  organ.  For  all  ordinary  purposes  it  will  euflicc  to  diar- 
Bderize  the  principal  kinds  under  the  four  classes  of  Simple,  Aygrt- 
fate.  Accessory  or  AnUtoearpous,  and  Multiple  Fruits. 

593.  Simple  Prnitt  are  those  which  result  from  llie  ripening  of  a 
rio^  pistil,  whether  with  or  without  a  calyx  or  other  parts  adnatc 
to  it.  This  division  comprises  mo:'t  of  the  kinds  of  fruit  which  have 
fsdnctive  names,  and  those  of  the  other  classes  are  mainly  a^re- 
gatians  or  combinations  of  these. 

694.  Simiile  Fruits  may  be  conveniently  divided  Into  Fltshy 
JrnilM,  SloM  fruHs,  and  Dry  fruits.  The  leading  kind  of  the 
fnt  division  is 

495.  The  Berry  (Barca).  an  indehisccnt  fruit  which  is  fleshy  or 
pnlpy  iliroughout.  Tiie  grape,  gooseberry,  currant,  cranberry,  and 
taoMilo  arc  familiar  exnmi)!iis. 

596.  The  Hfiptridiimi  (orange,  lemon,  and  time)  is  merely  a  berry 

^  Wathcry  rind. 
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£97.  Tk  Fepo,  or  fiond-fmUi  is  also  a  modification  of  the  herrj, 
with  a  bard  rind,  which  occurs  in  the  Gourd  family.  The  cuoub- 
ber,  melon,  and  equosh  are  fiuniliar  illnstrationa.  A  Pepo  is  an 
indehiscent,  externally  finn  and  internally  pulpy  fruit,  composed 
usually  of  three  carpels,  and  with  an  adnate  calyx.  In  the  ovaiy  it 
is  either  one-celled  with  three  broad  and  rerolute  parietal  placentav 
or  these  placenls,  borne  on  slender  dissepiments,  meet  in  the  axis, 
entai^,  and  spread,  unite  with  their  feUows  on  each  side,  and  are 
reflected  to  the  walls  of  the  pericarp,  next  which  tliey  bear  their 
ovulea  (Fig.  560,  561).  As  the  fruit  enlarges,  the  seed-bearing 
placentiB  usually  cohere  with  the 
walls,  and  the  partitions  are  oblit- 
erated, giving  the  appearance  of 
a  pecuhar  abnormal  placentalioii, 
which  only  the  study  of  the  ovary 
readily  explains. 

598.  A  Pomf,  such  as  the  apple, 
pear,  and  quince  (Fig.  809,  812), 
is  a  fruit  composed  of  two  or  mora 
carpels,  either  papery,  cartila^ 
nous,  or  bony,  usually  more  or  less 
involved  in  a  pulpy  expjinslon  ol 
the  receptacle  or  dUk,  niid  the 
whole  invested  by  the  ihitkencd  and  succulent  tube  of  the  calyx. 
It  may  be  readily  understood  by  comparing  a  rose-hip  willi  an  apple. 
The  calyx  makes  the  princi- 
pal thickness  of  tiie  flesh  of 
the  apple,  and  the  whole  of 
that  of  tlie  quince. 

u99.  The    Drnpf,  or   StoIl^ 
Frnit,  is  a  one-celled,  one  or 
two  seeded  indehiscent  fruit, 
with  the  inner  part  of  the  peri- 
carp (endocarp,  or  putamm,  *^  *" 
588)  hard  or  bony,  wliile  the  outer  (exorarp,  or  sarcocarp)  is  fleshy 
or  pulpy     It  is  the  laller  which  in  tliesc  fruits  so  readily  takes 
an  increased  development  in  cultivation.      The  name  is  strictly 

.  561.  IHb^cramof  on«orlttFotii(iIi»titpuiwU. 


no.  E6D.  B«rtlDiioftheoTU70l 
no.  661.  Vertical  iccUaii  or  & 
of  tilt  pezlcirp  that  nprcflvfitfl  thr 


3f  tbv  peachy  n^malni  tbla  u 
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e  only  ut  fVaita  prodiicetl  by  the  ripening  of  a  one-celled 
piecil ;  as  lliu  jihini,  pt^acli  (Fig.  5Q2),  &c. ;  but  it  is  cxIenilLiI  in  a 
general  way  to  surh  fruits  with  two  or  more  bony 
cells  onclo.^ed  in  pul|>,  n^  that  of  itic  DogtrooJ,  &c. 
600,  Tlie  raspbeiry  and  blacltbtny  (Fig.  6G4)_ 
are  composed  of  a  great  number  of  minliilure  slone- 
fruits,  or  drapelelt,  as  they  iniglit  bo  calleU,  in  Btnic- 
ttin;  resembling  cherries  (Fig.  565),  aggregated  upon 
AD  elongated  receptacle. 

.  Dry  FrniUmfty  bo  either  dchitceni  or  indehis- 
Y  (56D).     Of  indeliiaceul  dry  fruits  one  of  the 

.  The  ieheniom,  or  Akene  (Fig.  506-573). 

This  includes  all  one- 
eeeiled,  dry  and  luu-d, 
iadehit^eent  and  secd- 
Bke,  emidl  fruits,  such  as 
are  popularly  taken  for 
naked  deeds.  But  that 
they  are  Iruo  pistils  or  '"  *"  °^ 

ovaries  ripened  is  evident  from  Iho  styles  or  siigmas  they  bear,  or 
from  tlie  scar  lell  by  llieir  fall  -  and  a 
iMlian  brings  to  view  the  seed  with  n, 
provided  with  its  own  proper  inlogumtnta 
Tbe  name  has  been  restricted  to  ll  e  seed 
like  fruits  of  simple  pistils,  as  thosc  of 
thf^Bntlercup  (Fig.  5CG,  5C7),  Anemone, 
I,  and  Geum  (where  the  per^ii-t- 
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ent  Btyle  ttsoalij  remains  on  the  fruit  as  a  long  tail),  and  the  minute 
grains  of  the  Btrowbeny  (Fig.  S59}.  Bat  it  may  be  extended,  as 
ia  now  generally  done,  to  all  Buch  one-celled  seed-like  fruits  resnlt- 
ing  from  a  compound  ovaiy,  and  even  when  inveatcd  with  an  adnate 
calyx-tube.  Of  this  kind  is  the  fruit  of  all  Compositffi  (Fig.  568- 
£73).  Here  the  tube  of  the  calyx  is  incorporated  with  the  surfiice 
of  the  OTory,  and  its  )imb  or  border,  obsolete  in  Bome  cases  (Fig. 
5G8),  in  others  appears  aa  a  croicn  (Fig,  569),  cup,  a  set  of  terth 
or  of  Rcolcs  (Fig.  570,  571),  or  as  a  tufl  of  bristles  or  hairs  (F^. 
572,  573),  die,  calieii  the  papput.  In  the  Lettuce  and  Dandelicn 
(Fig.  573),  the  ochcnium  id  rottrate,  L  c.  its  summit  is  extended 
into  a  slender  beak. 

G03.  A  Utrifle  is  ttie  same  as  an  achenium,  only  with  a  thin  and 
„,  bladdery  loose  pericarp,  like   that  of  Goosefoot  and 

Amaranth  (Fig.  574,  575).  The  thin  coat  commonly 
bursts  irregularly,  discharging  the  seed.  In  the  true 
Amaranths  it  opens  by  a  drcular  line,  and  the  upper 
port  falls  as  a  lid,  coa\'erting  tho  fruit  into  a  small 
P!/xi»  (G19). 

C04.  A  CarfOplll  or  Grain  differs  from  the  last  in  haT' 

ing  tho  seed  completely  filling  the  cell,  and  its  coat 

firmly  consoIidnt«d  throughout  with  the  very  thin  peii- 

carp,  ns  in  wheat,  Indian  com,  and  other  cereal  grains 

^  (Fig.  C22-G24).     Of  all  fruits  this  is  the  kind  most 

likely  to  1)c  mi.siaken  for  a  seed. 

G05.  A  NdI  is  a  hard,  one-celled  and  one-seeded,  indchiscent  fruit, 
like  an  achenium,  but  larger,  and  usually  produced 
from  an  ovary  of  two  or  more  cells  with  one  or  more 
ovules  in  each,  all  but  a  single  ovule  and  cell  having 
disappeared  during  its  growlh  (58G)  j  as  in  the 
Ilaael,  Beech,  Oak  (Fig.  57C,  IIGC),  Clioslnut, 
Cocoa-nut,  &c.  Tlio  nut  is  often  enclosed  or  sur- 
rounded by  a  kind  of  involucre,  termed  a  Cuptde  ; 
as  the  cup  at  tho  ba.=c  of  the  acorn,  the  bur  of  the 
chestnut,  iind  the  ie.i,f-likc  covering  of  the  hazel-nut.  *" 

600.  A  Samara  or  Ee y-fruit  is  a  name  applied  to  a  nut,  or  achenium, 
having  a  winged  npex  or  mar^n  ;  as  in  the  Birch,  Elm  (Fig.  578), 

FIG.  E'4.    utricle  It  Chnwpculliun  illnun,  or  cammoa  Ooosefoot.    GTS.  Utitcia,  M  VJ^*' 
tlQ.en.    AooED  (Dill)  oTWMtsOik,  with  It*  cup  ctcupolc. 


and  Ash  (ilg.  577).    The  frvh  of  the  SSapk  teuastt  of  two  sndi 
£nnta  belonging  to  one  flower,  nnited  1^  their  bases  (Fig.  787). 

607.  DrkilCtit  Fnilli  or  tth,  aie  dUth^aiihaUe  into 
those  consisting  of  a  nmfde  pUti],  and  those  lesolting 
fiom  a  compoond  pistiL 

G08.  Of  tha»  originating  from  simple  jnstik,  the 
pudpal  kinds  are  the  FoBieU  and  the  Legumt.  These 
ma^  be  taken  as  the  trpe,  oS  simple  frnit:. 

609.  i  FoUich  is  a  pod  foriDed  of  a  simple  pi^  and 

dehiscent  hj  the  rentral  or  inner  sntnre  alone ;  as  in 

the  Milkweed,  Larkfporf  Ccdninbine,  PeooT, 

J    and  Marsb-Sbrigold  (Fig.  57D).    When  it 

^H       opens  widelr,  the  pi^  may  be  said  to  rcrert 

HB     to  its  natDtal  stale  <^  a  kaf^  and  it  oAen  loti^ 

^^P     much  like  one,  as  in  ^ig.  492. 

^r  GIO.  1  Ic^BBC  is  a  pod  formed  bj  the  ripen- 

"*       ing  of  a  simple  {Hstil  which  dehisces  bj  both 

mtnree,  and  so  dirides  into  two  ralrtt  or  pieces,  as  in 

the  Bean  and  Fc«  (Fig.  680).     This  beii^  ihe  mdinaty  *" 

fruit  of  the  Pnlse  familr,  accordiiigl^  named 
Zf^MiMMosc  (or  Legnminoos  plants),  the  name 
has  been  extended  to  it  in  de:^piive  botanr, 
in  all  cases,  wbaierer  the  form,  and  whether 
dehiscent  or  not.  The  legame  will  be  found 
to  exhilnl  no  small  direr^ity  in  this  large  iam- 
ilj*  (<99)>     Among  its  Iwms  b  one  termed 

611.  1  ImnL  This  is  a  legume  divided 
transrerselj  into  two  or  more  one-deeded  joints, 
which  nsnalh-  fall  ^>art  at  maturity  (Fig.  581). 
Commonly  the^  joints  remain  closed,  as  in 
Desmodinm ;  KMneiimes  they  split  into  two 
Talres,  as  in  Slimcva. 

612.  1  Cipale  ii  the  pod,  or  dehiscent  fruit, 
of  any  compound  pL-iiL  When  regularly  dehis- 
cent, as  already  staled  (^01),  the  pod  splits 

""  ""         lengthwise  inio  pieces  or  rairet, 

S13.  A  capsule,  necessarily  consl^iing  of  two  or  m<M«  carpels  or 

m.R*.   r<lHt«fCUItefalBM«,(liaMinfaMaH7>I>L 
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eimple  pistib  united  inlo  one  body,  vUl  nonoallj  d^usce  in  cm 
of  two  ways.  Namely,  either  the  carpels  will  separate  at  the  line 
of  junction,  thus  resolving  the  pod  into  its  constituent 
elements ;  or  else,  tbcae  porta  remaining  united,  each 
cell  will  open  on  Iho  back  by  a  splitting  of  the  dorsal 
suture.     The  former  constitutes 

CU.  Septicldal  DehiictnM  (Fig.  582, 
5S4),  so  named  because  the  capsule  splits 
through  the  srpla  or  parliiitmt  (ditupi- 
nuHts),  each  one  separating  into  its  two 
constituent  layers,  one  belonging  to  each 
carpet    This  occurs  in  Azalea  and  its 
allies,  in  St.  Johnswort,  &c.     The  car- 
pels, thus  becoming  separate,  in  tliese 
cases   open  down    their  inner  suture, 
like  a  follicle,  and  discliarge  the  seeds. 
When  the  cells  ore  only  one-seeded,  ailer  separating  septiddally, 
they  ollen  remun  closed 
and  fall  Kvf&y  separately, 
as  in  Mallow,  Vervain  (] 
985),  &c     Suchclosedoi 
nearly  closed  cells  or  c 
pels  of  a  compound  pistil 
arc  termed  cocci.  ^'-  i--^ 

Ci9.    Lotulicida]  Behu-  ^^ 

I  which  tlie  splitting  o^icns  into  the  loexdamtnti  (in 
r  cells;  that  is,  each  carpel  dehisces  by  its  dorsal 
suture  (Fig.  583,  585),  as  in  Iris,  the  Lily,  Hibiscus,  Kvcning  Prim- 
rose, &c.  Tlie  dissepiments  here  are  necessarily  borne  on  the  mid- 
dle of  the  valves. 

GIG.  In  the  Violet,  &c.  we  liave  the  loculicidal,  and  in  several 
kinds  of  St.  JoUniwort  the  sepiicidal,  plim  of  dehiscence  in  one- 
celled  capsules ;  the  placenta)  (answering  to  the  partitions)  being 
boime  iu  the  former  upon  the  middle  of  the  valves ;  while  in  the 
latter  each  placenta  is  split  in  two,  and  one  half  home  on  each  mar- 
gin of  a  valve. 


C}^ 


Closed 

irately,         j^        "s. 
"(Fig.      /  \ 

osedor     I    ^-^        -^  \ 
ar  car-     \  / 


3  that  ii 
I,  loctdi)  o 


no.  5S3.    Dehlieent  capmle  of  Doda,  cdIhskI,  Bbowlug  MptirliU  ilehlnnce. 
FIQ.  liSS.    tkchlBcent  cipault  of  Irti,  ghaving  loruUcUlal  ilFbuccDHj  Ihe  lomr  put  eat 
kcnm,  ihrnriiig  iha  dlneplmciiti  bome  on  Uu  mldille  ot  the  tiItu. 
ria.&ii.    MvBB(1>icnu-agcIlao}(ilMptl(iiilia,u<l,SS5,(if  locDllddaliOcUMgDM. 
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617.  leptifrlgll  Dehiicenee  is  a  modification  of  either  the  loculicidal 
or  the  septicidal^  in  which  the  valves  fall  awaj,  leaving  the  dissepi- 
ments behind  attached  to  the 

axis.  Fig.  586  is  a  diagram 
representing  this  in  a  case 
€£  loculicidal  opening.  Fig. 
587yfrom  the  common  Moni- 
ing-Gloiy,  is  this  modifica- 
tioa  of  the  septiddal  mode. 

618.  Instead  of  splitting 
into  separate  pieces,  the  sutures  of  the  pericarp  sometimes  open  for 
a  short  distance  at  their  apex  only,  as  in  Cerastium  and  some  other 
Ohickwcedsy  in  Tobacco  (Fig.  1050),  and  in  the  Primrose  (Fig. 
943)  ;  or  by  mere  pores,  as  in  the  Poppy.  The  pod  of  the  Snap- 
dragon opens  by  the  bursting  of  a  hole  towards  the  top  of  each  cell, 
not  corresponding,  perhaps,  with  any  suture.  Another  anomalous 
mode  of  dehiscence,  namely,  the  circumcissiley  characterizes 

619.  The  Pyiil  or  Pyxidium)  a  pod  which  opens  by  a  circular  hor^ 

izontal  line  cutting  off  the  upper  part  as  a  lid.  The 
fruits  of  the  Plantain,  Henbane,  Amaranth  (Fig. 
575,  which  is  othenvise  a  utricle),  Pimpernel,  and 
Purslane  (Fig.  588)  arc  of  this  kind. 

C20.  A  Siliqne  is  a  slender  two-valved  capsule,  with 
two  parietal  placenta?,  from  which  the 
valves  separate   in  dehiscence;  as  in 
*"  plants  of  the  Cruciferous  or  Mustard 

family  (Fig.  589),  to  the  fruit  of  which  the  term  prop- 
erly belongs.  Usually  a  false  partition  is  stretched 
across  between  the  two  placenta;,  rendering  the  pod 
two-celled  in  an  anomalous  manner. 

621.  A  Silicic  or  Pooch  is  merely  a  short  silique,  its 
length  not  more  than  twice  its  breadth ;  as  that  of  Shep- 
herd's-Purse,  Candytuft,  &c 

622.  Aggregate  Frnite  are  those  in  which  a  cluster  of 
carpels,  all  belonging  to  one  flower,  are  crowded  on  the 
receptacle  into  one  mass,  as^  in  the  nu<?pberry  and  blackberry  taken 

a  whole  (Fig.  564),  where  the  constituent  fruits,  or  ripened  carpels. 


WIQ.  686.    8ei»tifingBl  modifleation  of  loculicidal,  and,  687,  of  aepticidal,  defaiacanoe. 
no.  688.    Pyxis  or  pod  of  PonUne,  the  top  separating  as  ft  lid. 
110.689.    SiUquaarCardamioa,  indehiscenca. 
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are  little  drapes ;  also  the  cone-like  fleshy  fruit  of  Magnolia,  where 
the  component  carpels  are  a  sort  of  drupaceous  follicles,  at  length 
opening  on  the  back  and  summit ;  and  the  dry  cone  of  the  Tulip-tree, 
where  each  carpel  forms  a  sort  of  samara.  None  of  these  aggregate 
fruits  have  special  names  in  ordinary  use.  In  descriptiTe  botany  it 
is  sufficient  to  state  the  kind  of  fruit  the  carpels  themselves  form, 
and  their  mode  or  degree  of  aggregation* 

623.  Accessory  or  Antboearpons  Fmiti  are  those  of  which  the  most 

conspicuous  portion,  although  often  appearing  like  a  pericarp,  neither 
belongs  to  the  pistil  nor  is  organically  united  with  it  The  apparent 
berry  of  Gaultheria,  in  which  a  succulent  free  calyx  invests  a  dry 
pod  and  appears  to  form  the  real  fruit  (Fig.  912-914)  has  already 
been  adverted  to  (583)  ;  and  the  calyx  of  Shepherdia  is  similar, 
forming  what  appears  to  be  the  sarcocarp  of  a  drupe,  although  it  is 
really  free  from  the  achenium  it  encloses.  So,  also,  the  apparent 
achenium  or  nut  of  Mirabilis,  or  Four-o'clock,  is  the  tliickened  and 
indurated  base  of  the  tube  of  a  free  calyx,  which  contracts  at  the 
apex  and  encloses  the  true  pericarp  as  a  utricle  or  thin  achenium, 
but  does  not  cohere  with  it.  The  rose-hip,  a  hollow  calyx-tube 
lined  with  a  hollow  receptacle  (Fig.  429),  and  the  strawberry  (Fig. 
428,  558,  559),  consisting  of  a  conical  enlarged  receptacle  bearing 
many  minute  achenia,  may  also  be  regarded  as  forms  of  anthocar- 
pous  fruit 

624.  Multiple  or  Collective  Frnits  are  those  which  result  from  the 

aggregation  of  several  flowers  into  one  mass.  The  simplest  of  these 
are  those  of  the  Partridge-Berry  (Mitcliella)  and  of  some  si^ecies  of 
Honeysuckle  (Fig.  859),  consisting  of  the  ovaries  of  two  blossoms 
united  into  one  double  berry.  The  more  usual  sorts  are  such  as  the 
pine-apple,  mulberry,  and  the  fig.  These  arc,  in  fact,  dense  forms 
of  inflorescence,  with  the  finiits  or  floral  envelopes  matted  together 
or  coherent  witli  each  otlicr ;  and  all  or  some  of  the  parts  become 
succulent  The  grains  of  the  mulberry  (Fig.  593,  594)  are  not  the 
ovaries  of  a  single  flower,  like  those  of  the  blackberry  wliich  it  super- 
ficially resembles  (Fig.  504),  but  belong  to  as  many  separate  flow- 
ers ;  and  the  pulp  of  these  pertains  to  the  floral  envelopes  instead  of  | 
the  pericarp.  So  that  the  mulberry  is  an  anthocarpous  (623)  as 
well  as  a  multiple  fruit  The  pine-apple  is  very  similar ;  only  the 
ovaries  or  pericarps  never  ripen  any  seeds,  but  all  are  blended,  with 
the  floral  envelopes,  the  bracts,  and  the  axis  of  the  stem  they  thickly 
cover,  into  one  fleshy  and  juicy  mass.    The  fig  (Fig.  590-592) 
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(lifi^  from  the  pine-apple  in  having  this  succulent  axia  or  receptacle 


OD  the  oulside.  It  may  lie  compnred  wilh  fucli  an  anthocarpoufl 
fniit  as  a  rose-liip  (Fig.  429).  It  results  from  a  multilude  of  flow- 
ers coQcealeil  in  a  hollow  flower-stalk,  if  it 
may  be  so  called,  which  becomes  pulpy  and 
edible  when  ripe;  and  ihufl  the_/r«i(  seems 
lo  grow  directly  from  the  axil  of  a  leaf, 
without  being  preceded  by  a  blossom.  The 
minute  flowers  concealed  within,  or  some  of 
them,  ripen  their  ova- 
ries inio  very  small 
aehenia,  which  are 
commonly  taken  for 
seeds.  The  principal 
form  of  multiple  fruit 
which  has  received  a 
substantive  name  is 
€35.  Tbt  StrobilE  or  Cone,  a  scaly  multiple  fruit,  resulting  from  the 


■        no  a 

I  =^ 

r       no  s 


Q.    Ajinmeflg.    E31.  VcrUml  HFtlon  or  tha  «m>,  cnlirgRl,    BSIi.  i 
BWn  mBi^rtiAml.  •hotriog  tin  Ctowon  on  the  iDdde. 
iS.     A  /njQf  IJinUKn7,    tiA^  Ons  nf  tbv  gnJoA,  mB^uLAed,  Blowing  1 
HTf  vltb  ft  mceolait  C4J^  rmbncm^  the  4J1U7     C%.  TUd  Hnie,  1h* 

no    OK.    8lni*lk  Of  Ooo*  "f  ■  Pildi  Pine,  Plnnj  il^da.    (37.  Iiisl.l«  "lew 
Uh  itcdi,  auX  Uie  pluo  tnaa  -vlikli  cbg  ocber,  UI9,  hu  t* 
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ripening  of  some  sort  of  catkin.  The  name  is  applied  to  the  fruit  of 
the  Hop,  where  the  hirge  and  thin  scales  are  hracts ;  but  it  more 
especially  belongs  to  the  Pine  or  Fir  cone,  the  peculiar  fruit  of  G>- 
nifenc  (Fig.  59 G),  the  scales  of  which  are  open  carpels  (560),  bear- 
ing two  or  more  naked  seeds  upon  their  upper  or  inner  face  (Fig. 
597),  A  more  or  less  fleshy  and  closed  cone,  such  as  that  of  Taxo- 
dium,  and  esiK»eially  that  of  Juniper  (Savin,  Red  Cedar,  &c.),  which 
at  maturity  imitates  a  berry,  lias  been  termed  a  Galbalus. 


CHAPTER    XI. 


OF  THE  SEED. 


Sect.  L    Its  Structure  axd  Parts. 


626.  The  Seed,  like  the  ovule  (561),  of  which  it  is  the  fertilized 
and  matured  state,  consists  of  a  Nucleus,  or  kernel,  usually  en- 
closed within  two  Integuments. 

627.  lb  Integuments,  &e.    The  outer,  or 

proper  seed-coat,  corresjwnding  to  the  ex- 
terior coat  of  the  ovule,  is  variously  termed 
the  EpisrERM,  Spermoderm,  or  more  com- 
monly the  Testa  (Fig.  599,  b).  It  varies 
greatly  in  texture,  from  membranaceous  or 
papery  to  cinistaceous  or  bony  (as  in  the 
Papaw,  Nutmeg,  &c.),  and  also  in  form,  being  sometimes  closely 
applied  (confonned)  to  the  nucleus,  and  in  other  cases  loose  and 
cellular  (as  in  Pyrola,  Fig.  927,  and  SuUivantia,  Fig.  843),  or  ex- 
panded into  wings  (as  in  the  Catalpa  and  Trumpet-Creeper,  Fig. 
601),  which  render  the  seeds  buoyant,  and  facilitate  their  dispersion 
by  the  wind ;  whence  winged  seeds  are  only  met  with  in  dehiscent 
firuits.  The  wing  of  the  seed  of  Pines  (Fig.  598)  is  a  part  of  the 
surface  of  the  scale  or  carpel  to  which  it  is  attached,  and  which 
separates  with  it.     For  the  same  purpose,  the  testa  is  sometimes 

FIO.  699.  Vertical  magnified  section  of  the  (anatropous)  seed  of  the  American  linden :  a, 
the  Ulttm ;  6,  the  testa ;  c,  the  tegmen ;  dj  the  albnmen ;  e,  the  cmbr>-o.  QOO.  Vertical  MCtioa 
of  the  (orthotropoos)  seed  of  Helianthemum  Caoadense :  a,  the  funiculus. 
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ftorldcd  wilh  a  Htft  of  hairs  nt  one  end,  tprmrd  a  Chma ;  as  in 
EpUobtum  unci  Milkweed  (Fig.   602).      In  tlie  Cotton-plant,  tlie 
whole  surface  of  the  seed  is  coverod  wilh  long  wool. 
It  slioidd  likewise  be  noticed,  thnt  the  integument  of 
nmnerous  snmll  seoda  U  furnished  with  a 
coating  of  Email   hairs   rantniiiing  spiral 
ihrrada  (one  form  of  which  is  represented 
in  Fig.  44),  and  iisunlly  apprcssed  and  con- 
fined to  the  Eurfticc  hj  &  fihn  of  mudlagc. 
When  the  seed  is  moistened,  tlie  mucilage 
toRenf,  and  these  hiurs  spread  in   ever^ 
direction.     Tliey  are  often  ruptured,  and  "'  '" 

the  extremely  attenuated  clastic  tlireadu  tliey  contain  nncoil,  and  are 
protrudLtl  in  the  greatest  abundance  and  to  a  very  considerable  length. 
Tliis  minute  mecliani^jra  subECrre.s  an  obvious  pur[>ose  in  fixing 
these  small  seeds  lo  the  moist  soil  upon  which  they  lodge,  when  dis- 
per8«<]  by  liie  wind.  Under  the  microscope,  these  threads  may  be 
observed  on  the  seeds  of  most  Folemoniaceous  plants,  and  on  the 
Adtttiua  of  Labiate  and  Composite  plants,  as,  for  example,  in  many 
ipccies  of  Beueeio,  or  Groundsel.  In  Peony  the  testa  becomes 
fliKihy  or  baccate;  in  Magnolia  it  imitates  a  drupe. 

S28.  The  inner  integument  of  the  seed,  called  the  Tecmen  or 
EntorLsritA,  allltough  frequently  very  obvious  (as  in  Fig.  599,  c), 
k  oAen  ui<lL<4in}nii''hnhle  from  its  being  coherent  with  the  testa,  and 
ii  EOtnrtimca  altogether  wanting. 

629.  Tbe  staJk  of  the  seed,  as  of  tlie  ovule,  is  called  the  Ftr- 
ncin-rs  (Fig.  COO,  a).  The  scar  left  withe  face  of  tbe  seed,  by  its 
teporation  from  the  funiculus  at  maturity,  is  termed  tho  IltLm. 
Tfce  rtialoza  and  rhapbe,  when  present,  are  commonly  obvious  in 
fbc  mature  see<l,  as  well  as  in  the  ovule  (564 --568},  and  tbe  name 
and  relations  of  these  several  parts  in  the  seed  are  the  same  as  in 
Ibeorule.  Also  the  terms  orihofropout,  anatropmit,  camp^otropottt, 
Ac.,  originnlly  applied  to  the  ovules,  arc  extended  to  the  seeds  which 
from  them  ;  so  that  wo  may  say.  Seeds  anatropous,  as  well  as 
Ovules  anntropoas,  &c 

680.  Iril  or  IriUoi.  Some  scedi  are  famished  with  a  covering, 
incomplete  and  of  a  flet^hy  texture,)  wliolly  exterior  to  iheir 
integuments,  aiising  from  an  expansion  of  the  apex  of  the 
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seed-Stalk,  or  funiculus,  or  of  tlie  placenta  itself  when  there  is  no 
manifest  seed-stalk.  This  is  called  the  Aril.  It  forms  the  pulpy 
envelope  of  the  seed  of  Podophyllum,  Euonymus,  and  Ce- 
lastrus,  or  it  appears  as  a  mere  lateral  scale  in  Tumera,  or 
as  a  tough  and  lacerated  hodj,  known  hy  the  name  of  mace^ 
in  the  Nutmeg.  In  tlie  White  Water-Lily  it  is  a  thin  and 
delicate  cellular  hag,  open  at  the  end  (Fig.  603).  The 
Aril  does  not  appear  in  the  ovule,  hut  is  developed  suhse- 
quent  to  fertilization,  during  the  growth  of  the  seed.  Of 
the  same  or  similar  nature  is  the  Caruncle  found  at  the  hilum  in 
Polygala,  forming  a  loose  lateral  appendage.  Strictly  speaking,  it 
is  to  he  distinguished  from  the  Strophiole  (like  that  of  Euphor- 
hia),  which  is  a  cellular  growth  from  the  micropyle ;  hut  tlie  two  are 
not  well  discriminated.  An  analogous  cellular  growth  takes  place 
(m  the  rhaphe  of  the  Bloodroot,  of  the  Prickly  Poppy,  and  of  Dicen- 
tra,  forming  a  conspicuous  crest  on  die  whole  side  of  the  seed. 

631.  The  NaelenS)  or  Kernel  of  the  seed,  consists  of  the  Albuiiek, 
when  this  suhstance  is  present,  and  die  Embryo. 

632.  Tbe  AlbameU)  which  has  also  heen  termed  the  Peritperm  or 
the  Endosperm^  has  already  hecn  descrihed  (125)  as  the  floury  part 
of  those  seeds  in  which  an  amount  of  nourishment  for  the  germi- 
nating plantlet  is  stored  up  outside  of  the  emhryo.  Tliis  was 
called  by  Gsertner  the  albumen  of  the  seed,  from  some  fancied  anal- 
ogy with  the  white  of  an  e^  as  to  situation  or  function  ;  —  an  un- 
fortunate term,  on  account  of  its  liability  to  be  confoimded  with  the 
quaternary  chemical  substance  of  the  same  name  (357),  one  of  the 
forms  of  proteine.  Being  in  general  use,  the  term  cannot  now  well 
be  discarded. 

633.  Tlie  Albumen  of  the  seed  consists  of  whatever  portion  of  the 
tissue  of  the  ovule  persists,  and  becomes  loaded  with  nutritive  mat- 
ter accumulated  in  its  cells,  —  sometimes  in  the  form  of  stardi- 
grains  principally,  as  in  wheat  and  the  other  cereal  grains ;  some- 
times as  a  continuous,  often  dense,  incrusting  deposit,  as  in  the  cocoa- 
nut,  the  date,  the  coffee-grain,  &c.  When  it  consists  chiefly  of 
starch-grains,  and  may  readily  be  broken  down  into  a  powder,  it  is  J 
said  to  he  farinaceous,  or  mealy,  as  in  the  cereal  grains  generally,  in 
buckwheat,  &c  When  a  fixed  oil  is  largely  mixed  with  this,  it 
becomes  oily,  as  in  the  seed  of  the  Poppy,  &c^ ;  when  more  compact, 
but  still  capable  of  being  readily  cut  with  a  knife,  it  is  Jleshy,  as  in 

FIG.  e08.    A  ned  of  the  ^Vhlto  Water-Ltly,  with  lU  fac-llke  arllliu,  magnlfiwL 
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Barberry,  Ac;  when  it  chiefly  eonsisU  of  mucilage  or  vegcinWo 
jelly,  tis  in  ihe  Momlng'Glory  and  the  Mallow,it  is  ealA  to  be  jnitci' 
lafftnout;  wlion  it  hardens  more,  and  becomes  dense  and  tough,  so 
OS  to  offer  much  resistance  to  ihe  knife,  as  in  the  Coffee,  the  Blue 
CfAuK\^,  Ac,  it  is  comeom,  that  is,  of  the  tcxluro  of  hom.  Between 
these  all  gradations  occur.  Commntily  the  albumen  is  a  uniform 
deposit.  But  in  the  nutmeg,  as  al»o  in  the  seeds  of  llie  Papaw  (Fig. 
658),  and  of  all  plants  of  the  Cuslanl-Apple  Family,  it  presents  a 
wrinkled  or  Tariegated  B|)pearance,  owing  to  numerous  transverse 
divisions,  which  are  probably  caused  by  inflections  of  the  innermost 
int^ument  of  llie  seed:  in  Ihcsc  cases  the  albumen  is  said  to  be  rumi- 
Mated.  Tlie  albumen  may  origiuote  from  new  tissue  formed  either 
witliin  llie  embryo-sac  (579),  which  is  probably  the  more  common 
ease ;  or  in  the  nucleus  of  tlie  ovule  exterior  to  the  embr}'o-$ac^ 
viiirh  is  certainly  the  case  in  tlie  Water-Lily  and  its  allien,  and  in 
Soumrus;  for  here  iho  lliickened  embryo-sac  persists  within  or  at 
one  extremity  of  the  copious  albumen  ;  or  both  kinds  may  coexist. 
When  this  is  the  case,  the  outer  albumen  may  be  distinguished  as  the 
^^■^^kMrm,  and  the  inner  as  the  endosperm. 

^^H^  Seeds  provided  witli  albumen  (as  in  Fig.  599,  GOO,  G05,  G06, 

^^^^nlO  —  CI  C,  G32,  &e.)  are  ^nid  to  be  allntminout ;  those  destitute 

flR  (as  in  Fig.  G07,  620, 110,  120,  &c)  are  exalbnminaui.     The 

eonpoTBlive  amount  of  the  albumen,  and  its  relation  to  the  embryo 

b>  Tarious  seeds,  may  be  seen  ou  inspection  of  many  of  the  subjoined 


€33.  The  Emliryo,  or  Gfnil,  being  on  initial  plantkt  or  indi^-iduat,  is 
tttiourin  the  most  ini[i<irtun£  jmrt  of  the  seed :  to  its  production,  protcc- 


na.  OM.    Tntlol  HCIloD  ot  Um  (nrttiotrai>oa>)  and  Dt  DnckidHBl,  ihowlBC  tbg  amto^o 
tttit  m>d  tai  Ui*  ualjr  albaiDnL 
m.  OVT.    TBttOkl  ■BCUOD  Ot  Uw<iuiitrDiHiiii}M«d  of  EtoOu  TlislnSa,  Ibe  eml»;D<«nv- 
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tion,  and  support  all  Iho  other  parts  of  the  (rnit  and  flower  are  snb- 
Berrient.  It  becomes  a  plant  by  the  mere  development  of  its  parts : 
it  tliereforo  possesses,  in  a  rudimentary  or  undeveloped  Etate,  all  the 
easciitiiiJ  organs  of  regetiition,  namctj',  a  root,  Etcm,  and  leaves.  Its 
gencrnl  structure  and  dctclupnient  have  already  been  explained  ia 
conhidenible  detail  (118  - 130) 

636  In  albummous  seeds  it  is  naturallj  the  smaller  and  its  partj 
the  le^s  developed  m  proportion  to  llic  amount  of  albumen,  and  the 
Bcveral  organs  are 
developed  or  even 
formed  in  genuina- 
tion.  Inexalbumi- 
nous  seed?,  where 
tlic  cmbrj'o  con- 
Etilutes  the  whole 
kernel,  its  eeveral 
paru  are  ordina- 
rily consipicuouf, 
although  they  are 
tften  more  or  less  disguised  by  thickening;  at  the  cotyledons  ui 
the  Almond  (Fig,  108)  and  Cherry  (Fig,  111),  and  especially  in 
the  Pea  (Fig.  118),  the  Aeom  (Fig.  120),  the  Horsecheatnut  (Fig. 
630),  and  tlie  like. 

G37.  TiiC  parts  of  tlio  embryo,  a?  already  illus- 
trated (120)  arc  tlic  Jiailicle,  the  Coti/ledont,  and 
the  PlumiiU.  Tiie  radicle  is  the  axis,  or  rudimen- 
tary stem,  —  the  first  inlcmodc  of  tlic  axis  (121, 
167),  from  tlie  loiver  extremity  of  which  the  root 
is  produced,  while  the  other  bears  the  cotyledons, 
i.  c.  the  leaves  of  the  first  node  ;  and  the  plumule         tti  <» 

is  the  bud  which  eroivnn  the  summit  of  the  r.idielc. 

CSS.  Owing  to  the  mode  of  its  fonnation  (580),  the  radicle  of  the 


no.  610.    Vwtlal  action  of  lh»»fdo(«P«)ii 

r,  ihD<wini;  s  nnalt  ttabrj«  dw  Iht  hut  >' 

i.aA  more  m.BnlBtd. 

FIO.  612.    SKlion  of  a  Kcd  of  DKbcnj,  wilh  i 

I  «ndb-ht  tmbrjo  la  tha  uij  of  lb.  »lln- 

110.  61*.     Serlion  of  a  PoUto-iwd,  ihowlnj;  thi 

,  eubo-o  coUed  in  tb.  ilbun..!..    61S.  W 

Bbrro,  detached. 

no.  616.    FcrUoDOfthen^orMlnbillsorFoii 

r-nVloch,  ihowlng  th«  tmbiTO  (OlM  nHOil 

■■MUidlof  ttwUbumcn.     617.  lU  rabrjo,  dcU 

chpd.  ind  jurlly  ipiwd  Oot 

IW.  818.    Itabrro  rf  Uz.  Pumpkin.  wUt  lU  .1 

anflttoiH.    619.  AnrtieUHcUoaoftluHiiu, 
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embryo  a  alwnya  near  to  and  points  towards  tlie  micropyle  of  the 
seed,  viz.  to  what  was  the  orifice  of  the  ovule ;  and  if  the  embryo  be 
Etroight  (as  in  Fig.  605),  or  merely  partakes  of  the  curvature  of 
the  Eeed,  the  cotyledons  point  to  the  opposite  extremity  of  the  seed, 
that  is,  to  the  chaliwa.  The  position  of  the  radicle  as  respects  tho 
bilum  varies  with  the  diflcrent  kind  of  seed.  In  the  orthotropous 
form,  as  in  Helianthemum  (Fig.  600)  and  Buciwhent  (Fig.  606), 
the  radicle  necessarily  points  directly  away  from  the  bilum.  In  the 
analropous  fonn,  as  in  tho  ticed  of  the  Lin- 
den (Fig.  500)  and  Violet  (Fig.  604,  605), 
the  extremity  of  the  radicle  is  brought  to 
the  imraedialG  vicinity  of  the  bilum ;  and 
M  it  if,  although   in  a  different    way   in 

the  campylotropous  seed  (Fig.  G20,  621) ;  while  in  the  amphitro- 
pou!^  the  radicle  points  away  from  the  hilum  laterally,  at  a  right 
angle  to  the  funiculus.  As  the  nature  of  the  ovule  and  Eced  may 
Dsually  be  ascertained  by  external  inspection,  go  therefore  the  situa- 
tion of  the  cmbrj-o  within,  and  of  its  parts,  may  often  be  inferred 
without  dissection.  But  the  dissection  of  seeds  is  not  generally  a 
difficult  operation. 

630.  The  position  of  the  embryo  as  respects  the  albumen,  when 
that  is  present,  is  various  Allbougb  more  commonly  in  the  axis,  it 
i3  often  eccentric,  or  even  external  to  the  albumen,  as  in  all  Grasses 
and  cereal  Grains  (Fig.  622-624),  in  Polygonum  (Fig.  1111),  Ac 
When  external  or  nearly  so,  and  curved  circularly  aromid  the  nlbn- 


-%)1 


men,  as  in  Goosofoot,  Chickwced  (Fig.  621),  and  Mirabilis  (Fig. 
610),  it  is  said  to  be  peripheric.     When  bent  or  folded  in  such  a 

Flo.  Cao.    CunpjMinpaai  ■cd  of  tha  commoD  Chkkned  (Stellula  nudli),  niignillcd. 

no.  eZl.    Brctim  at  ittt  mmt,  ihowlng  Uie  nubryo  ccdlcd  uonnd  Uh  ouMdt  of  ■Ibmnni. 

na.  (S3.  Tertlnl  Mclloaof  agnlu  or  IdiUu  Corn,  puihif  thnugb  the  ttubi^o:  c,  tbi 
CMjMoa;  p,  Uw  plomiUe  ^  r.  tfas  ndiirlr.  [A  hlghL;  nugnlflHl  porlioD  of  fb>  slbuiuen,  ahlcli 
aakm  ap  tha  tniaripil  baUi  of  Uh  gnln,  !•  ihown  in  Fig.  lO,  p.  64.)  eZ3.  Slmllu  ■nrllon  at 
■  Cnfamt  Bin.  SH.  Vntk*!  Mrtlon  of  an  Oat^nlD :  a,  tha  ilboDHDi  e,  tlw  cot>lHloa ;  p, 
■te  plBBBla  1  >Bd  r,  Uh  ndlek  of  Iha  nq'ri-'i 
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ynj  that  the  rai^e  lies  altmg  the  edges  of  the  cotyledons,  the 
IsUer  are  e&id  to  be  oreumiemt  (Fig.  700) ;  or  when  the  radicle 
reati  against  the  back  of  one  of  them,  or  in  prt^jmity  to  it  (Fig. 
705),  they  are  incumbent. 

640.  The  direction  of  the  emhryo  vith  respect  to  the  pericarp  ■> 
abo  particularly  noticed  by  Bystematio  writers;  who  employ  the 
terms  ascending,  or  radicle  ruparior,  when  the  latter  points  to  the 
apex  of  the  fruit ;  detcending,  or  radicle  inferior,  when  it  points  to 
its  base ;  centripetal,  when  the  radicle  is  turned  towards  the  axis 
of  the  fruit ;  centrifiigal,  when  turned  towards  the  sides ;  and  vagv», 
when  it  bears  no  evident  or  uniform  rclatioa  of  the  kind  to  the 
pericarp. 

641.  As  to  the  number  of  its  cotyledons,  or  the  degree  of  com- 
plexity or  simplicity  of  the  embryo,  the  principal  types  hare  already 
been  considered  (128).  The  plan  of  the  embryo  in  Exogenous 
plants  is  to  have  n  pair  of  opposite  cotyledons ;  that  is,  the  embryo 
ia  dieoit^edonotu,  and  such  plants  are  denominated  Dicotileoo- 
jFocs  Plants. 

G42.  A  modification  of  this  plan  occurs  in  Pines  and  most  other 
Conifera:,  in  which  the  cotyledons  are  increased  to  three,  four,  six, 
or  cTcn  to  fifteen,  in  a  whorl  (Fig.  133,  134)  ;  and  this  embryo  of 
highest  complexity  is  called  polj/eolgledonout.  The  embryos  of 
some  Leguminous  or  Cruciferous  plants  are  occasionally  found,  with 
three  cotyledons,  as  an  accidental  deviation. 

643.  But  in  all  Endogenous  plants  only  one  cotyledon  appears, 
i.  e.  only  one  seed-leaf  on  the  prinuiry  node  ;  if  two  or  more  rudi- 
mentary leaves  arc  present,  tlicy  are  alternate,  and  all  but  the  first 
belong  to  the  plumule.     Here  the  em- 
brjo   is  tiwnocotyUdoRous,   and    hence 
Endc^ns  are  abo  termed  Monocott- 
LEDOSOLS    Plants.     Tlie    monocoty* 
ledonous  embryo  does  not  usually  pre- 
sent a  manifest  distinction  into  radicle, 
cotyledon*,  and  plumule,  as  the  dieoty- 
ta         ra        wn        «a         kdonous ;  but  often  appears  hke  a  ho- 
mogeneous and  imdividcd  cylindrical  or  club-shaped  body,  as  in  Iris 

Jia.  £26.  Snd  of  Triglochia  piliuCn ;  the  i)wpli«,  ludloe  to  Uu  (tmig  ehilu  tt  Um 
nmuiitt,  tansd  um-uila  tho  ^ye.  626.  TlH  embrjo  dcUFhcd  ftom  Uw  (Md-oikU,  Aairinf 
[  >t  thg  Um  or  tfag  cotyledon ;  tbe  ihort  put  below  li  Uw  ndkk.  CK. 
(UTwd  Intenlly,  ind  half  Oa  rotfledDD  cut  Bmj,  brlo^nf  to  Tie*  th* 
■cdoD  UinuEli  Um  ptomul*,  mora  BUflnUad. 
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(Fig.  131)  nnd  Triglochin  (Fig.  C3li).  In  the  latter,  however,  close 
b^ieiHiun  rei'enb  a  verltcnl  slit  or  cliink  just  nbove  the  radicular 
exiiciDily,  through  which  [he  plumule  is  protruiled  in  germination. 
If  the  embryo  bo  ilivided  pemllel  with  this  elil,  the  plumule  a 
bnnght  into  view  ;  as  in  Fig.  627,  If  a  horizontal  section  be  made 
•t  this  paint  (na  in  Fig.  G28),  the  cotyledon  is  found  to  be  wrapped 
around  the  enclosed  plumule,  Eheatiiing  it,  much  as  the  bud  and  the 
jounger  paria  of  the  stem  are  ehcalbed  by  the  basea  of  the  leaTcs 
in  most  monocotyledon ous  plants.  The  plumule  ia  more  mnnifcst 
in  Grasses  especially  in  the  cereal  grains,  and  more  complex,  cx- 
hihittng  llic  rudiments  of  several  concentric  leaves,  or  of  a  strong 
bod,  pre%-iou3  to  germination  (Fig.  622-624,  and  126-128).  In 
vmay  caiics,  however,  no  distinction  of  parts  is  apparent  until  ger- 
BunntJon  commences ;  as  in  the  Onion,  Iris  (Fig.  131),  &c. 

644.  In  several  Dieotyledotwus  plants  one  cotyledon  is  smaller 
Am  the  other,  vie.  the  inner  one,  when  the  emhryo  is  coiled  or 
fcUed.  And  in  nil  the  species  of 
Abrouia  this  cotyledon  is  wanting, 
Kt  tluil  the  embryo  becomes  tech- 
liaUj  iDonocoiyli'donous.  In 
lb  Dodder,  n  genus  of  leaAcss 

puwitic  plants  of  the  Convolvu- 

lu  fiimily,  the  embryo  ako  is 

mirely  destitute    of  cotyledons 

(Rg.  148).     Here  these  orgtms 

IR  cn|ipresfied  in  an  embrjo  of 

Ootidcrable   size ;   but  in  most 

Mch  parasites,  the  embryo  is  very 

Bimitp,  as  well  as  reduced  to  the 

petiest  degree  of  simplicity,  and 

Kdu  to  remain  until  germination 

l««Vfry  rudimenlaiy  stale. 
US,  Sometimes  the  two  coiylc- 

*>i  of  »  dicotyledonous  embryo 

m  consolidated,  or  more  or  less 

wfcerent  by  their  contiguous  faces 

■ft  eno  mo.'rs,  when  they  are  said  to  be  eonfemiminate,  as  in  the 

Btnecheslnut,  Buckeye  (Fig.   629,  630),  nnd  the  Chc-itnul.     In 

Awe^  u  in  other  embryos  with  very  thick  cotyledons,  the  latter  are 


■   no.  (09.    gerUoo  or  Iba  iMd  ot 
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necessarily  hypogteout  in  germination  (124, 126),  that  is,  thej  re- 
main underground,  enclosed  within  the  coats  of  the  seed,  yielding 
their  abundant  store  of  nourishment  to  the  radicle  and  the  plumule; 
and  the  first  leaves  that  appear  are  those  of  the  plumule. 


Sect.  IL    Gebmination. 

G46.  Gf  nninatioil  is  the  initial  act  of  growth,  by  which  the  embryo 
in  a  seed  develops  into  a  plantlcL  The  steps  of  the  early  growth 
have  already  been  sufficiently  explained  in  an  early  part  of  this  vol- 
ume (119-132). 

647.  The  seeds  of  some  plants  (such  as  the  Red  Maple)  germi- 
nate shortly  aflcr  falling  to  the  ground ;  those  of  most  other  plants 
not  until  the  next  year,  or  even  later.  How  long  seeds  may  retidn 
the  power  of  germinating  is  uncertain,  and  is  extremely  variable  in 
different  species  and  families.  Those  of  many  plants  under  ordinary 
circumstances  can  rarely  be  made  to  grow  after  two  or  three  years ; 
some  will  germinate  pretty  well  after  several  years  keeping ;  and 
the  seeds  of  certain  Leguminous  plants  have  been  known  to  germi- 
nate when  sixty  years  old.  But  the  current  accounts  of  wheat,  &c. 
being  raised  from  grain  taken  from  ancient  mummies,  circumstan- 
tially authenticated  as  some  of  them  appear  to  be,  must  be  received 
with  the  greatest  misgiving,  if  not  with  entire  incredulity.  One  of 
the  most  probable  cases  of  germination  of  ancient  seeds  on  record  is 
that  given  by  Dr.  Lindley,  of  some  Raspberries,  "  raised  in  the  gar- 
den of  the  Horticultural  Society  from  seeds  taken  from  the  stomach 
of  a  man,  whose  skeleton  was  found  thirty  feet  below  the  surface  of 
the  earth,  at  the  bottom  of  a  barrow  which  was  opened  near  Dorches- 
ter, lie  had  been  buried  with  some  coins  of  the  Emperor  Hadrian ; 
and  it  is  therefore  probaNe  that  the  seeds  were  sixteen  or  seventeen 
hundred  years  oldJ'  Most  seeds,  when  buried  deep  in  the  soil, 
where  they  are  subject  to  a  uniform  and  moderate  temperature,  and 
removed  from  the  influence  of  the  air  and  light,  may  be  in  a  favorable 
state  for  the  preservation  of  vitality,  and  would  be  lik('ly  to  germi- 
nate when  brought  to  the  surface  after  a  considerable  interval.  But 
the  possibility  of  mistake  or  of  collusion  must  be  more  thoroughly 
eliminated  before  a  case  of  such  extraordinary  tenacity  of  life,  under 
conditions  in  some  respects  very  unfavorable,  can  be  considered  as 
well  established. 
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648.  Tlie  conditions  requisito  to  gennination  arc  exposure  to 
moisture  and  to  a  certain  amount  of  heat,  varying  from  50**  to  80^ 
(Fahrenheit)  for  the  plants  of  temperate  climates,  to  which  must  he 
added  a  free  communication  with  the  air.  Direct  light,  so  essential 
to  subsequent  vegetation,  is  unnecessary,  and  generally  unfavorable, 
to  germination.  The  degree  of  heat  required  to  excite  the  latent 
vitality  of  the  embryo  is  nearly  uniform  in  the  same  species,  but 
widely  different  in  different  plants ;  since  tlic  common  Chickweed 
will  germinate  at  a  temperature  not  far  above  the  freezing-point  of 
water,  while  the  seeds  of  many  tropical  plants  require  a  heat  of 
90**  to  110®  (Falirenheit)  to  cidl  them  into  action,  and  are  often 
exposed  to  a  considerably  higher  temperature.  Seeds  are  in  the 
most  favorable  condition  for  germination  in  spring  or  summer,  when 
loosely  covered  with  soil,  which  excludes  the  light  while  it  freely 
admits  the  air,  moistened  by  showers,  and  warmed  by  the  rays  of 
the  Bun.  The  water  which  is  slowly  absorbed  softens  all  parts  of 
the  seed ;  the  embryo  swells,  and  bursts  its  envelopes,  or  the  elon- 
gating radicle  is  protruded  from  them,  and  all  the  parts  grow  or 
nnfold  in  the  manner  already  described,  each  organ  in  its  proper 
medium,  the  root  being  developed  in  the  soil,  and  the  stem  and 
leaves  in  the  air. 

649.  The  nourishment  which  the  embryo  requires  during  germi- 
nation is  furnished  by  the  starch,  &c.  of  the  albumen  (032),  when 
this  substance  is  present  in  the  seed ;  or  by  starchy  or  other  nutri- 
tive matter  accumulated  in  its  own  tissue  (63G,  123).  But  as  starch 
is  insoluble  in  cold  water,  certain  chemical  changes  are  necessary  to 
bring  it  into  a  fluid  state,  so  that  it  may  nourish  the  embryo.  These 
changes  are  incited  by  the  proteine  or  neutral  azotized  products 
(354),  which  are  largely  accumulated  in  the  seed,  either  in  the 
albumen  or  in  the  embryo  itself,  and  which  take  the  initiative  in  all 
the  transformations  of  vegetable  matter  (27).  In  the  germinating 
seed,  just  as  in  growth  from  a  bulb  or  tuber,  the  changes  essentially 
ooosist  in  the  transformation  of  the  starch,  first  into  dextrine,  or 
gnnif  and  thence  into  sugar,  a  part  of  which  is  destroyed  by  resolu- 
tion, first  into  acetic  acid,  and  finally  into  carbonic  acid  and  water, 
with  the  abstraction  of  oxygen  from  the  air,  and  the  evolution  of 
heat  (349,  370  -  373),  while  the  remainder  is  rendered  directly  sub- 
servient to  the  growth  of  the  plantlct.  The  reason  why  light,  so 
essential  to  subsequent  growth,  impedes  or  prevents  incipient  ger- 
mination, becomes  evident  when  we  remember  that  it  incites  the 
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decomposition  of  carbomc  add,  and  the  fixation  of  carbon  bj  the 
plant  (344-850) ;  while  germination  is  necessarily  attended  hy  an 
opposite  transformation,  namely,  the  destructi<m  of  a  portion  of  or- 
ganized matter,  with  the  evolution  of  carbonic  acid.*  In  germina- 
tion, as  in  any  other  act  in  which  matter  is  transformed  or  trans- 
ferred, there  is  a  certain  expenditure  of  force  and  loss  of  organized 
matcriaL  The  plantlet  is  obliged  to  decompose  and  destroy  a  part 
of  the  starch  or  other  material  provided  for  its  initial  growth,  in 
order  that  it  may  transform  the  rest  into  dextrine  and  sugar,  and 
this  again  into  cellulose  or  the  material  of  the  new  cells  formed  in 
its  growth. 

650.  The  study  of  the  seed,  and  of  the  development  of  the  em- 
bryo it  contains  into  a  plantlet,  completes  the  cycle  of  vegetable  life 
in  the  higher  grade  of  Phienogamous  plants,  and  brings  us  back  to 
oar  starting-point  (118, 119). 


CHAPTER    XII. 

OP  BEPBODUCTION  IN  CRYPTOOAMOUS  OR  FLOWERLESS  PLANTS. 

651.  The  lower  grade  of  Crtptogamous  or  Flowerless 
Plants  (Chap.  11.  Sect,  I.)  would  now  require  to  be  considered, 
both  as  to  the  vegetation  and  their  reproduction.  But  the  plan  of 
structure  in  each  principal  Cryptogamous  family  is  so  peculiar, 
and  the  organs  of  fructification  especially  so  diverse,  that  their 
morphology  cannot  be  presented  under  one  common  type,  as  in  Phie- 
nogamous vegetation.  Each  great  family  or  group  would  have  to 
be  separately  treated,  and  with  much  fulness  of  illustration,  to  make 


♦  Seeds  may  casually  germinate  while  attached  to  the  parent  plant,  especially 
Bach  as  ore  surrounded  with  pulp,  like  those  of  the  Cucumber  and  Melon.  The 
process  is  liable  to  commence  in  wheat  and  other  grain,  when  protracted  warm 
and  rainy  weather  occurs  at  the  period  of  ripening ;  and  the  albumen  becomes 
glutinous  and  sweet,  from  the  partial  transformation  of  the  starch  into  dextrine 
and  sugar.  In  the  Mangrove,  which  forms  dense  thickets  along  tropical  coasts, 
germination  habitually  commences  in  the  pericarp  while  the  fruit  remains  on  the 
tree ;  and  the  radicle,  piercing  the  integuments  which  enclose  it,  elongates  in  the 
air ;  such  a  plant  being,  as  it  were,  viviparous. 
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hiliject  inlelUgible  to  ihi;  unpractised  student.  This  cnn  hardly 
be  done  in  «>  elementary  a  work  as  tlie  present,  but  requires  n  sepa- 
rate treal.iie.  The  student  who  has  inlelligently  studied  the  present 
rolume  up  to  the  present  point,  is  prepared  for  the  more  difllcult  study 
«f  tli«  structure  of  Cryptogamous  plants,  in  the  only  general  work  of 
ihe  kind  lliat  lias  yet  nppenrei]  in  Uie  English  language,  vis.  Berke- 
ley's Introtiuetion  to  Cryptognmie  Botanj/.  An  enumeration  of  tho 
Cryptogamous  orders,  with  a  brief  notice  of  their  Etruclure  and  suV 
ordinate  division.t,  may  be  found  in  the  nystematic  part  of  tlie  pnis- 
eat  work.  A  slight  sketch  of  their  grades  of  development  as  to 
regetalion  lias  already  been  given  (07-113),  We  here  atlenipt 
lO  present  merely  a  very  brief  and  general  aceoiint  of  their  plan  of 
reproduction,  lUv^^Ied  as  far  aa  possible  of  technical  terms. 

652.  Taken  collectively,  we  distinguish  this  lower  series  of  the 
vrgrtablc  kingdom  by  negative  character  only  ;  saying  that  these 
|4ant«  do  not  bear  true^tcers  (consisting  esseniiully  of  stamens  and 
jMitils),  and  accordingly  do  not  produce  seeds,  or  bodies  consisting 
of  A  distinguisliable  embryo  planllcl,  developed  in  an  ovule  through 
fertilization  by  pollen.  Their  spores  (97),  or  the  bodies  produced  in 
their  fructitication  by  which  they  are  propagated,  and  which  Ihere- 
ton  Answer  to  seeds,  are  single  cells,  at  least  in  most  cases.  These, 
la  they  germinate  in  the  soil,  or  whatever  medium  they  live  in,  im- 
dergo  a  development  at  the  time  of  their  germination  whicli  has  been 
ODrapareii  with  that  of  the  embryonal  vesicle  (579)  during  ita  devel- 
Optseot  into  the  embryo  in  the  ovule  ;  and  by  growth  directly  ^ve 
tlM  to  the  plant. 

65S.  It  was  once  thought  probable,  that  these  spores  were  pro- 
duced, and  were  cajwihle  of  developing  into  the  plant  without  being 
fertilized  by  other  ceils  answering  to  pollen ;  or  at  least  that  this  was 
the  Otte  in  all  the  lower  orders,  such  as  Algic  and  Fungi,  and  in  some 
of  Ihe  highest,  such  as  Ferns.  But  the  sagacious  Linnieus,  by  nam- 
o^  them  Cryjitogaraous  plants  (i.  e.  plants  with  concealed  organs  of 
■iqroduction)  seems  to  have  recorded  his  belief  that  they  were  really 
tbexnul,  or  foraishcd  with  two  sorts  of  organs,  the  fertilizing  and  the 
feRilizeil.  A  series  of  important  discoveries,  for  the  most  part  of 
noent  dale,  have  proved  this  to  be  so, — hai-o  made  known  a  true 
fccmdotion  in  numerous  species  of  every  Cryptogamous  order,  and 
[b  their  loweet  as  well  us  their  Ugliest  forms,  thus  leaving  no  doubt 
rf  its  nniversality.  The  apparatus  and  the  processes  of  reproduction, 
;  are  wonderfully  varied  in  tho  different  groups  of  Cryp- 
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togamong  plants.     A  few  cxninples  may  be  adduced,  illnstratiya  of 
the  principal  modes,  beginning  with  the  Bunpleat  plants. 

G.54.  Rcprodottioa  in  Planb  of  a  Sin^  Cell  (100).  All  mch  simple 
onc-colled  plants  as  Protococcu3  and  the  like  (Fig.  79-83,  18-22), 
Desmidiaceie  and  Dialomacea?,  are  freely  propagated  by  cell-iaulti- 
plication  (33  —  36),  —  the  division  of  their  protoplasm  or  whole  liTJug 
nukss  into  bodies  which  directly  become  new  cells  like  the  parent, — 
or  byori^nal  cell-formal  ion  in  their  interior  (29).  This  is  non- 
Kxual  reproduction,  and  essentially  answers  to  the  well-known  prop- 
agation of  Plitenogamous  planls  by  biitls,  bulbs,  offsets,  Ac  It  is 
probable  that  this  may  not  go  on  indefinitely  in  any  planL  At  any 
rate,  not  only  do  all  the  higher  plants  propagate  in  a  different  way, 
via.  by  flowers,  producing  seeds,  but  probably  all  plants  of  the  lower 
grade  also  have  a  sexual  reproduction  in  some  form  or  other.  It  is 
certainly  the  case  in  many  one-celled  jdanis,  and  in  others  almost 
equally  simple  in  structure.  Aa  ia  Ph^enogaraous  plants,  s«xua] 
reproduction  essentially  depends  upon  the  mingling  of  tlie  materials 
of  two  distinct  cclb  (as  the  jxillen-cell  and  the  embryonal  vesicle, 
579) ;  and  these  colls  in  the  lowest  forms  of  vegetation  represent 
individual  plants.  Tlic  simplest  mode  of  such  reproduction  in  the 
lowest  plants,  and  that  longest  known,  is  wliat  has  been  termed 

C5u.  ConjopUon.  Tiiis  is  the  mode  in  wliich  two  vast  tribes  of 
microscopic  one-celled  aquatic  plants,  tlie  Dcsmidiaceic  nnd  Dialo- 
macca',  are  reproduced.  They  tnulti- 
ply  rapidly,  and  apparently  without 
limit,  by  Ruecessivo  division  into  two 
equal  paitji,  which  separate,  each  be- 
coming like  the  ori^nal.  Itiit  at  length 
two  of  these  individuals,  being  en- 
dowed with  the  power  of  movement, 
come  into  contact ;  the  firm  or  oi^en 
silicioua  cell-wall  ruptures  or  gives 
way  in  a  definite  msmner  at  the  place 
of  Junction,  and  the  whole  contents  of 
the  two  conjugating  celts  or  individu- 
als are  commingled  into  one  mass  of 
;  tliis  soon  Ims  a  coat  of  cellulose  formed  around  it, 
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i  18  now  n  spore,  which  when  it  grows  begins  a 
dividual^  dt'vclopeil  by  successive  division. 

G&G.  In  klfK  toniUling  of  a  Single  Bow  of  Crils 


iribe  presents 


the  saine  routle  of  rejiroduclion,  aiid  the  %'m'i<iu9  : 
or  Spirogyra,  found  in  almost  every  pool  of  fresh 
water  at  lUfierent  limed  in  Rpring  and  summer, 
afibrd  the  readiest  illustrations  of  conjugation, 
wlik'h  low  powers  of  the  microscope  suffice  lo 
exhibit.  Tliese  green  threads  when  magnified 
are  »een  to  consist  of  single  rowa  of  cylindrical 
cells  joined  end  lo  end.  Tlie  cells  bc^ng  nil 
ftlikeanderiually  capable  of  conjugation,  each  13 
M  it  were  an  individual.  At  a  certain  xea^on, 
M  protnberanee  appears  on  llie  corresponding 
ports  of  certain  cells  of  two  adjacent  threads; 
tbe  badding  growth  continues  until  the  two 
come  into  contact ;  the  intervening  walb  are 
tben  nhi^rbed,  opening  a  free  communication 
bdwcen  the  cavities  of  the  two  cells ;  mean- 
ytabs  ihe  green  matter  and  protoplasm,  before 
■nangi^l  in  some  definite  shape  in  each  species 
(more  nmimonly  in  one  or  more  spiral  bands), 
Iffimk  up  inio  a  granular  mass  floating  in  the 
WUcr  of  the  cell ;  this  all  passes  over  from  one  *" 

cell  to  the  other,  —  sometimes  lo  the  one  plant  and  sometimea  lo  the 
otbrr  in  adjacent  cells, — and  is  mingled  witli  the  similar  con  tents  of 
Ibe  cell  which  receives  it ;  and  the  united  product  is  condensed  into 
a  |7«eD  proloplai^nic  mass,  which,  acquiring  a  coat  of  cellulose,  be- 
eaows  A  new  cell  or  spore,  tn  due  time  germinating  into  a  new  plant. 
657.  In  reproduction  by  conjugation,  the  two  cells  or  individuals 
ttncemed  are  ahke ;  one  is  as  much  ihc  fertilizer  or  the  fertilized 
M  the  other.  Itul  tlie  clear  distinction  of  sexes  which  all  the  higher 
Cryptognmous  no  less  than  FhxnngBmous  plants  exliihit,  is  also  mnni- 
feMed  in  those  of  the  simplest  alruelnre,  viz.  in  plants  consisting  of 
liiigLi;  cells,  or  of  rows  or  clusters  of  similar  and  essentially  inde- 
peadent  cclLi.     That  is,  even  these  afford  examples  of 

fro.  OH&n  Uagblflcd  vlov  ot  tva  eoBjd|tatiD^  flluneuti  of  Zj^neniK,  Bhowln;  tH  the  flap* 
tt  ^f  t'"*—  ^7  whbch  th*  tfvllj  fhRD  two  dluiipiitfl  form  «ach  ft  nrrrtfpoiKllDg  pnlubentiA, 
Mm  MB*  Inia  cenUct,  lbs  tDterrniliie  ntli  u«  ■biorliHl,  ud  U»  Hmtenti  pu*  rrom  out 
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658.  Sireet  Fertilixation  of  Spores  by  gpermatoxoidi  from  an  Anlhe- 

ridinin ;  the  latter  answering  to  the  anther,  or  essential  part  of  the 
stamen,  of  Phsenogamous  plants.  Cohn*  has  shown  that  eyen 
Volvox  —  an  undoubted  vegetable,  consisting  of  microscopic  one- 
cclled  plants  of  rounded  form,  grouped  into  a  spherical  colony  —  has 
a  true  sexual  propagation,  like  that  of  the  higher  green  Algse,  some 
of  the  individuals  or  cells  of  the  sphere  producing  antheridia  or  fer- 
tilizing cells,  while  others  produce  spores,  or  bodies  which  become 
such  on  being  fertilized  by  the  antheridia,  which  alone  renders  them 
capable  of  germination.  A  good  general  idea  of  bisexual  reproduction 
in  the  simplest  Algae  may  best  be  obtained  from  a  brief  abstract  of 
what  has  lately  been  discovered  by  Pringsheim  and  Cohn  in  two  or 
three  common  species  of  comparatively  easy  investigation. 

659.  Vaucheria  is  a  genus  of  several  species  of  green  Algse,  con- 
sisting of  simple  but  indefinitely  branching  cells  (Fig.  89).  In  fruc- 
tification, the  whole  contents  of  the  more  or  less  enlarged  extremi^ 
of  some  of  the  branches,  or  of  a  special  projection  from  the  side 
of  the  cell,  separate  from  the  general  contents  of  the  plant,  con- 
dense into  a  globular  green  mass  (Fig.  89  a),  and  become  a  spore^ 
wliich  at  length  escapes  by  a  rupture  of  the  walls  (Fig.  90),  moves 
freely  about  in  the  water  for  some  hours,  then  fixes  itself,  and  ger- 
minates, elongating  directly  into  a  thread-like  and  at  length  branch- 
ing plant,  like  tlic  parent.  Ilore  there  appears,  and  was  generally 
thought  to  be,  reproduction  without  fecundation.  Vaucher,  however, 
more  than  half  a  century  ago,  noticed  one  or  more  horn-shaped  pro- 
jections in  the  vicinity  of  the  s|X)re-bearing  portion,  which  he  sus- 
pected to  be  the  analogues  of  the  anther.  Nothing  had  been  found 
to  verify  this  view  until  the  year  1854,  when  Pringsheim,  of  Berlin, 
discovered  the  fecundation  and  verified  this  conjecture.  Tlie  horn- 
shaped  body  is  an  aniheridium,  or  the  analogue  of  the  anther.  It 
produces  myriads  of  extremely  minute  corpuscles,  of  oblong  shape, 
and  furnished  with  a  bristle  or  cilia  at  each  end,  by  the  vibration  of 
which  they  move  freely  in  the  water.  These  are  spermatozoids  (so 
called  from  their  obvious  resemblance  to  the  spermatozoa  of  ani- 
mals), and  the  analogues  of  jwllen.  At  the  proper  time  the  anthe- 
ridium  bursts  at  the  summit,  and  discharges  the  spermatozoids ;  at 
this  time  the  wall  of  the  projection  which  contains  the  spore  likewise 
opens;  numbers  of  the  free-moving  spermatozoids  find  their  way 

*  In  Omptes  Rendus,  vol.  43,  1856,  and  Ann.  Sci  Nat.  scr.  4,  vol.  5,  p.  d2S. 
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iiing  and  into  cnnlact  wiih  Uie  fonning  spore,  or  even 
pcmctrate  its  substance  ;  it  being  an  Hmorpliaus  tutuss,  coaled  with 
[irolopliiim  only.  Bui,  as  a  conspqnence  of  fecundalion  by  one  or 
more  Kpcnnatozoids,  a  wall  of  cellulose  U  presently  formed  un  its 
«irfac«,  converting  it  into  &  proper  specialized  cell  or  spore.' 

6G0.  .£dugoiiium  is  n  genus  of  simple  Algs  of  the  Conferva  tribe, 
coneifiting  of  a  tow  of  cylindrical  eella  placed  end  to  end,  as  in  Fig, 
639.  Some  of  the^o  cellii,  usually  shorter  than  the  rest,  become 
ttimid,  and,  without  conjugation,  have  their  whole  green  contents 
transformed  into  a  sjxtre  i^embling  that  of  Zygnema  (Fig.  635) 
■nd  Vaucheria  (Fig.  90).  The  fertilization  of  tliis  spore  lias  re- 
cently been  discovered  by  Pringsheim-t  He  ascertained  lliat  other 
celU  of  ihe  same  little  phmt  produce  a  great  number  of  minute 
<rviiid  Ijodie?,  which  be  names  Androtporee:  tliesc  escape  by  the 
opening  of  the  moiher  cell,  moving  about  freely  by  the  vibration  of  a 
erown  of  cilia  allaclied  near  the  smaller  end.  One  or  more  of  these 
ondrospores  fix  themt^elves  by  the  smaller  end  upon  the  surface  of 
Ifae  cell  in  which  a  large  ordinary  spore  is  forming,  or  in  the  vicinity, 
and  germinate  there,  growing  longer  and  narrower  nt  the  point  of 
ailachmcnl,  while  near  the  free  end  a  cross  partition  forma,  and  some- 
times another,  making  one  or  two  small  cell* ;  this  is  the  true  anlhe- 
ridium ;  for  in  it  a  crowd  of  spcrmalozoids  are  formed,  also  endowed 
Willi  motirity  by  means  of  vibratile  cilia.  Now  the  top  of  tbe  an- 
tberidium  fulls  off  as  a  lid,  the  spermatOEoida  escape;  the  sporc^ell 
at  Ibb  time  opens  at  llie  top;  one  of  the  spermntoeoids  enters  the 
opening,  its  pointed  end  foremost;  this  becomes  stationary  ii|)on  or 
■tightly  penetrates  the  surface  of  tlio  young  fi]>ore,  into  which  its 
eonUBta  ure  probably  tranaferretl,  by  rupture  or  by  endosmosis,  and 
k  coot  of  cellulose  is  then,  btit  not  till  then,  deposited  upon  it,  com- 
l&ttng  its  organixation  as  a  spore.  Tliis  spore,  as  in  the  preceding 
(MM,  in  due  time  germinates,  and  grows  directly  into  a  plant  like 
■lie  parent.  But  in  Bolbochiete,  according  to  Pringsheim,  and  in 
8|rii>erop1ca,  as  inve-atigated  by  Colm,t  the  spore  in  germination 
t  its  contents  by  successive  division  into  a  large  number  of 
I,  oval  or  oblong  boi^es,  furnished  with  two  long  cilia  on  a  short 


Ito  ProcMdings  of  lire  Royal  Academy  of  Scicncoa, 
JtMth,  1853,  and  Aim.  Sei.  Not.  tcr  4,  vol.  3,  p.  363. 

t  C^.  tufmi  cit.  May,  IBSS,  anil  Ann.  Sri.  Nal.  wr.  4,  toI.  5,  p,  !50. 
'"  —».  mupra  cit.  UsY,  ISSS,  aoil  Ann.  Sei.  Nat.  I.  c.  p.  186,  pi-  12,  13. 
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beak  at  one  end,  and  which  from  their  extreme  resemblance  to  ani- 
malcules and  their  lively  movements  are  called  Zoospores*  And 
these  zoospores  germinate  by  elongation  and  the  formation  of  trans- 
verse partitions  into  adult  thread-like  plants,  consisting  of  a  row  of 
cells.  The  whole  contents  of  the  cells  of  some  adult  individuals  of 
Spha»roj)loa  are  formed  into  large  green  spores,  as  yet  without  a  coat ; 
those  of  diffen'nt  individuals  give  rise  to  m}Tiads  of  slender  sperma* 
tozoids,  mo>'ing  by  means  of  a  pair  of  cilia  fixed  at  the  narrow  end. 
These  escai>e  from  the  parent  cell  through  a  small  perforation  wliich 
now  appi'iirs,  enter  the  spore-bearing  cells  of  the  fertile  plant 
through  a  similar  perforation,  play  around  the  spores,  and  at  length 
one  or  more  of  them  drives  its  pointed  extremity  into  their  naked 
surface ;  af\er  which,  fertilization  being  accomplished^  a  thick  coat 
of  cellulose  is  deposited  to  complete  the  spore. 

601.  That  in  the  Fucaceae  or  olive-green  Seaweeds,  the  highest 
tribe  of  Alga?,  the  large  spores  are  fecundated  by  spermatozoids,  or 
minute  lively-moving  cells  produced  in  antheridia,  was  demonstrated 
by  Thuret  in  the  year  1850.*  And  in  more  recent  memoirs  t  he 
has  shown  that  the  fertilization  takes  place  through  direct  contact  of 
the  si>ennatozoids  with  the  naked  surface  of  the  unimpregnated  spore, 
then  having  only  a  protoplasmic  coating ;  and  that  these  spores  will 
not  develop  unless  so  fertilized.  Through  the  researches  of  Thuret 
and  others,  antheridia  are  now  well  known  in  the  remaininjr  or 
rose-red  scries  of  Alga»,  although  their  spermatozoids  arc  not  known 
to  be  endowed  with  motivity.  Tlie  same  appears  to  be  the  cjise  with 
Lichens,  the  bodies  described  by  Itsigsohn,J  being  probably  of  the 
nature  of  spermatozoids  or  fertilizing  cells.  In  the  vast  family  of 
Fungi  there  are  similar  indications  of  antheridia  and  spermatozoids, 
but  the  fecundation  is  not  yet  clearly  made  out. 

6G2.  Ffrtilization  by  Spermatozoids  of  a  Cell  in  a  Pislilidiom,  which 

beeomes  a  Sporauginm.  In  all  the  foregoing  cases,  the  sjwres  them- 
selves are  the  subjects  of  direct  fertilization.  But  in  Mosses, 
Liverworts,  &c  (in  which  the  two  kinds  of  organs  have  long  been 
recognized  and  their  functions  to  some  extent  understood),  the 
contents  of  the   antheridium  act  upon   an  organ  which,  in  conse- 


*  Ann.  Sri.  Xut.  ser.  3,  vol.  14  and  16,  1850-1.     See  Harvey,  Nereis  Bor- 
Amer.  in  Smithsonian  Contributions^  1852,  &c. 
t  Op.  cit.  ser.  4,  vol.  2  and  3,  1854,  1855. 
X  In  BUanische  Zcitumj,  1850. 
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qucnce  of  fertilizntion,  develops  inio  ft  Eort  of  pod.  iho  Sporanffium 
or  Spor«-eaae,  filleJ  wilh  n  luiilticude  of  spores  whicli  receive  do  in- 
(Uvidunl  fccuiululion ;  thi.t  organ,  frora  iu  general  anitlogy  U>  the 
pbtit,  has  been  termed  n  PUtiUidium.  Tlie  antberiUm  of  Mossea 
and  the  like  occur  either  in  the  axils  of  llic  leaves,  or  collected 
into  n  Lead  nt  the  Euramit  of  the  Btem.  They  are  found  either 
in  the  fiame  heads  as  the  pistillidio,  or  in  distinct  lieiids  on  the 
same  individmils  (montcelous),  or  on  separate  individuals  (diix- 
chnh).  The  nntheridiiim  (Fig,  1307)  is  merely  a  cylindrical 
or  diili-sliaped  ^ac,  composed  of  a  single  Inycr  of  cells,  united 
to  form  a  delicate  membrane ;  within  whidi  are  developed  vast 
numbers  of  minute,  very  delicate  cells,  completely  filling  the  sa& 
Hie  Stic  bursting  at  its  apex  when  mature,  the  delicate  veaieltn 
are  discharged,  lilach  of  these  contains  a  slender  filument,  thick- 
died  at  one  end  and  tapering  off  to  a  fine  point  at  the  other:  it  may 
tiSKen  through  tlie  transparent  walbi,  spiniUy  coiled  up  in  the  interior 
of  each  vesicle.  When  these  vesicles  arc  extruded  in  water  under 
tbe  microscope,  tlie  contained  filnmenls  may  be  seen  to  execute  lively 
ntpvemenls,  wheeling  round  and  round  in  the  vesicle,  or,  when  dis- 
engaged Irom  the  latter,  and  nssimiing  a  corkscrew  form,  at  the  same 
dmo  advancing  forward,  the  thin  cud  of  the  filament  almost  always 
preceding.  Minute  observation,  which  is  very  difficult,  both  from 
the  rapidity  of  the  motion  (which,  however,  is  arrested  by  poisons) 
and  from  the  great  delicacy  of  the  whole  Btruclure,  shows  titat  the 
morements  arise  from  two  long  and  extremely  delicate  cilia,  aUaclied 
to  the  tapering  end  of  the  filament.  These  are  the  spermatozoidg, 
or  tnto  fertilizing  organs.  Titc  pistillidia  (Fig.  1S06),  wliich  ap- 
pear at  the  same  time  as  the  antheridia,  and  oflen  mixed  with  them, 
WK  flosk-sbaped  bodies  (like  an  ovary  in  sliape),  witli  a  long  neck 
(raicinbling  a  style),  composed  of  a  cellular  membrane.  The  nock 
ia  prrforetcd  by  an  open  cmal,  leading  to  a  cavity  below,  at  the  base 
of  which  a  single  cell  is  the  gt'rm  of  the  fuliu%  iporangium  or  tpore- 
<att.  Upon  this  the  spcnnalo:!oids.  or  spiral  filaments  of  the  an- 
lliciidia,  act,  one  or  more  of  them  reaching  it  by  finding  llicir  way 
doira  the  canal  of  the  pistillidium.  Then  this  cell  commences  a 
qiecml  development,  divides  into  two,  and  proceeds  by  ordinary  cell- 
xuilliplJcitlioD  to  build  up  the  sporan^um  or  capsule,  in  which  a 
eouDtlcss  number  of  minute  spores  are  produced.  The  spores  of 
Hoaseft  are  formed  in  tlio  same  way  an  pollen-gruins.  wliich  they 
Buch  resemble  in  structure,  being  single  cells  with  a  double  coat,  of 
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which  the  inner  is  the  true  cell-wall,  and  the  oater  a  sort  of  secre- 
tion from  it.  In  germination,  the  inner  or  proper  membrane  of  the 
spore  swells,  and  protrudes,  from  any  part  of  its  surface  favorablj 
situated,  a  tubular  process,  which  forms  partitions  as  it  elongates 
and  branches,  giving  rise  to  what  has  been  fancifully  named  a  prth 
embryo,  or,  better,  a  prothallusy  —  a  rudimentary  plantlet  very  unlike 
a  Moss,  but  closely  resembling  a  branched  Conferva,  consisting,  as 
it  does,  merely  of  ramified  threads,  or  rows  of  cells.  After  a  time 
certain  cells  of  its  various  branches,  taking  a  special  development, 
produce  buds,  which  are  soon  covered  with  a  tuft  of  rudimentaiy 
leaves,  and  grow  up  into  the  leafy  stems  of  the  perfected  plant.  Here 
a  single  spore  —  or  rather  a  peculiar  transitory  plantlet  developed 
from  it  —  gives  rise  at  once  to  a  number  of  individuals.  And  in 
fecundation  it  is  not  the  spores  themselves  that  are  fertilized,  bat 
a  cell  which  by  its  development  gives  origin  to  a  spore-case,  and  this 
to  a  vast  number  of  spores.* 

G63.  Fertilization  of  a  Cell  of  a  Prothallos,  or  peenliar  germinatii; 
Plantlet,  which  thereupon  develops  into  a  Plant.    This  most  extraordi- 
nary mode  of  fecundation  has  recently  been  discovered  in  the  Ferns 
and  other  of  the  higher  Crj^togamous  orders.     The  fructification  oT 
Ferns  consists  of  sjwre-cases  alone,  which  are  borne  on  the  bad^ 
margins,  or  some  other  part  of  their  leaves  (Fig.  1287-1294),  and 
are  filled  with  spores  resembling  those  of  ^Mosses.    Since  Mosses  have 
long  been  known  to  have  organs  answering  in  function  to  stamen^, 
as  well  as  those  answering  to  pistils,  and  since  Ferns  are  regarded 
as  plants  of  higlier  rank  than  ^Mosses,  their  antheridia  were  diligent- 
ly sought  for  upon  the  fructifying  plants,  but  in  vain  ;  and  botanL«!ts 
were  therefore  forced  to  the  unwilling  conclusion,  that  the  highest 
organized  of  Crj^ptogamous  plants  were  asexual.     But  antheridia, 
essentially  like  those  of  Mosses,  have  been  at  length  detected,  not  upon 
the  mature  and  fructifying  plant,  but  ui)on  the  germinating  plantlet. 
The  germuiation  of  the  spores  of  Ferns  had  long  since  been  ob- 
served.    The  process  begins  in  the  same  manner  as  in  Mosses ;  but 
the  extremity  of  the  tubular  prolongation  of  the  spore,  converted 
by  partitions  into  a  row  of  cells,  is  developed  into  an  expanded,  leaf- 
like  body  (the  pro-cmhryo,  or  prothallus  as  it  is  now  called),  which 


*  The  fullest  account  is  by  Ilofmcistcr,  Vagleichende  Untersuchungtn  6^ 
Keimung,  Etit/altung,  und  Fiitditbildung  Iloherer  Kryptogamai,  etc. — LeipsiCi 
1851. 
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on  n  enuill  Eca]o  resembles  n  frondose  Liverwort.  Upon  lliig  bod}', 
Niigeli,  in  1844,  founil  moving  apirnl  filaments,  like  those  of  iho  an- 
tfaeridiH  of  Mossi'a,  &v.  Tliis,  as  Hcnfrey  remarks,  "seemwl  to 
deaUxiy  nil  grounds  for  the  assumption  of  distinct  sexes,  not  only  in 
the  Feni->.  but  in  the  otlier  Ciyplogamia ;  for  it  was  argued  that  llic 
rxislMUM;  of  these  cellular  organs  producing  moving  spiral  filaments 
(tbo  co-csUed  Rpermniozoa)  upon  iLo  germmaling  fronds,  proved  that 
they  w«rc  not  to  be  regarded  as  in  any  way  eonnccted  with  the 
reproduelire  processes.  But  an  essay  published  by  tlie  Count 
Sominski  in  1848  totally  changed  the  face  of  the  question."  On 
tile  wider  side  of  the  delicate,  Marelianliii-liko,  geraiinnting  frond, 
Sominski  found  a  number  of  cellular  organs  of  two  distinct  kinds, 
snsw^ring  to  anthcridia  and  pistiUidia.  T)ie  former,  which  arc  the 
more  numerous,  are  cells  elevated  on  the  surface  of  the  germinating 
firand,  in  the  cavity  of  which  are  formed  other  cells,  filled  with 
alnate  Tesicles  containing  each  a  spiral  filament  coiled  up  in  ita  in- 
taior.  The  organ  bursts  at  its  summit,  and  dbeharges  the  vesicles 
is  ft  mucilaginous  mass ;  the  spiral  filaments  moving  within  the 
Tceides  at  length  make  tlieir  way  out  of  them  and  swim  about  in 
the  water.  These  (ilaments,  or  spi'rmatoioids,  resemble  those  of 
llbaaes,'  but  are  flat  and  ribbon-like,  as  in  Chara,  and  possess  nccord- 
tng  to  Suminski  about  six,  according  to  Thurct  numerous  cilia,  by 
iwhOK  vibrations  they  are  moved.  The  pistillidia,  if  thpy  may  be 
wcnlled.  are  roimded  cavities  in  the  cellular  tissue  of  the  same  body, 
Cfteaing  oik  die  under  side,  in  the  bottom  of  whicli  is  a  siTigIc  glob- 
ular cell,  from  which  the  future  growth  proceeds.  One  or  more  of 
llw  active  spermatic  filaments,  liberated  by  the  bursting  of  the  an- 
thendia,  have  been  found  to  enter  the  open  pislillidium,  and  to  come 
ts  rest  and  then  wither  away  in  contact  with  this  specialized  cell. 
The  latter  now  develops  into  n  bud,  or  embryo,  as  it  may  perliaps 
be  lenned,  wluch  grows  in  the  ordinary  way,  producing  an  abbrevi- 
Mld  iLxis,  sending  roots  downward  and  leaf  al^cr  leaf  upwards ;  and 
n  producing  the  mature  Fern."  And,  as  most  Ferns  are  perennial 
fbntii,  thfv  produce  year  after  year  their  fructification  (consisting 

*  The  English  leoder  is  rcTerrcd  to  Ilcnfrey's  Translation  of  Molil's  Analomg 
■^  Pijmoipy  o/t/ie  VtgelaUe  Ctll;  and  Iltnfrej'a  Hrport  m  ihe  Htpralufliim 
Oirf  tuppi»rd  Krittmce  ofSaual  On/am  in  the  hiifirr  Cri/plogamous  Plants,  m  Iho 
Btport  of  tbe  British  Association  for  the  Advancement  of  Sticnco.  for  IBS!, 
Hffinied  in  Sillinuui'*  Jounul,  YoL  14  uul  15;  ftom  which  the  abovo  itccouiil 
lw«  been  condenseJ. 
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merely  of  spores  in  spore-cases),  without  any  known  limit,  and  witli- 
out  any  otiicr  fecundation  than  that  which  occurred  at  first  upon  the 
germinating  plantlet. 

6G4.  In  Ferns,  accordingly,  it  is  not  the  sporangium  that  is  fer- 
tilized, still  less  the  spores,  but  a  cell  of  a  peculiar  transitory  plant- 
let  formed  by  the  germination  of  a  spore.  This  cell  otherwise  will  not 
develop  at  all ;  but  when  thus  fecundated,  it  develops  like  a  bud,  and 
grows  into  a  plant  of  indefinite  longevity,  capable  of  fructifying  by  a 
true  parthenogenesis  (p71)  throughout  its  long  existence.  This  is 
also  known  to  bo  the  case  with  Equisetacesc ;  and  the  Lycopodia- 
cea)  or  Club-Mosses  and  other  vascular  Cryptogamous  Plants  are 
thought  to  have  analogous  fecundation,  although  the  details  as  yet 
are  not  well  made  out. 


CHAPTER    XIII. 

OP  THE  SPONTANEOUS  MOVEMENTS  AND   VITAUTY  OP  PLANTS. 

G65.  The  facts  brought  to  view  in  the  preceding  chapter,  namely, 
that  either  the  siKDres  or  the  fertilizing  corpuscles  or  filaments  of 
most  Crj'ptogamous  plants  of  every  order  are  temporarily  endowed 
with  motivity,  naturally  raises  the  inquiry  whether  such  phenomena 
are  altogether  exceptional  in  the  vegetable  kingdom,  or  whether  the 
power  of  executing  movements  is  not  a  general  endowment  of  plants 
as  well  as  of  animals,  although  in  lesser  degree.     As  we  pass  in  re- 
view the  various  phenomena  exhibited  by  plants  in  this  resjKCt,  and 
at  the  same  time  consider  that  self-caused  motion,  internal  or  exte^ 
nal,  or  the  faculty  of  directing  motion,  is  a  necessary  concomitant  of 
life,  we  shall  probably  arrive  at  the  conclusion,  that  this  surprising 
activity  of  the  microscopic  spores  and  spennatozoids  of  Cryptogamous 
plants  is  not  altogether  anomalous,  —  that  these  are  merely  more 
vivid  manifestations  of  a  power  which  they  share  with  ordinary  vege- 
tables, —  that  plants  are  endowed  with  life  no  less  really  than  ani- 
mals,— that  the  distinction  between  plants  and  the  lower  animals  in 
this  respect  is  one  of  degree  rather  than  of  kind,  —  and  that  it  is  » 
characteristic  of  living  things  to  move. 
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^^To6.  The  Spnial  Directions  wliich  ihe  pm-is  of  all  pliinu  assume  nrc 
llie  result  of  self-cau^etl  movements,  nllliotigh  sucli  movcmenU  nrc 
moail;  mui-h  too  slow  to  lie  direclly  obsencd.  Among  these  the 
most  universal  are  (lie  descent  of  the  root  in  germinal  ioii,  the  nscmt 
tftthe  8lcm  into  the  light  and  air,  and  the  turning  of  branches  and 
upper  surface  of  leaves  towards  the  light  (120,  131,  294). 
These  directions  evidently  are  not  the  result  of  mere  growth.  It  is 
Dot  that  the  root  grows  downwnrds  and  the  stem  upwards ;  but  the 
root  cud  of  the  elougaling  radicle  bends  or  curves  in  the  course  of 
its  growth  BO  OS  to  point  don-nwartls  if  not  already  in  that  position, 
and  tte  other  extremilr,  with  tlie  plumule,  curves  upwards,  and  the 
jonng  stem,  after  reaching  the  light,  if  nneqmilly  illuminated,  bends 
lomnls  the  stronger  light. 

667.  Strenuous  oltempis  have  been  made  to  explain  these  changes 
of  direction  upon  mechanical  prinelples,  Mr.  Knight  thought  that 
the  descent  of  the  root  and  the  ascent  of  the  stem  were  caused  by 
gnivitation ;  and  ho  seemed  to  show  lliis  by  his  celebrnteil  esperi- 
mcnts  of  removing  germinating  seeds  from  tlie  inituence  of  gravita- 
tioD,  and  cnusing  the  root  and  stem  to  take  a  different  direction  iu 
obedience  to  »  dificrenl  force.  He  fixed  some  beans  re«dy  to  ger- 
BUBatc  in  a  quantity  of  mo^s  upon  the  circumference  of  a  wheel,  aud 
mttde  it  lo  revolve  venieally  at  a  rapid  rale  ;  replacing  the  effect  of 
gravity  hy  centrifugal  force.  On  examination,  aAcr  some  days,  tho 
jroung  root  was  found  to  have  turned  towards  the  circumference,  and 
tbc  tUrat  towards  the  centre  of  the  wheel.  The  some  result  look 
pbwe  when  the  wheel  was  made  to  revolve  horizontally  with  con- 
riilenilile  mpidily ;  but  when  the  velocity  wn.s  moderate,  the  roots 
were  directed  obliquely  downwards  and  outwards,  and  the  etema 
eldiquely  upwards  imd  inwards,  in  obedience  both  to  the  centHfugol 
fincc  and  the  power  of  gravitation,  acting  at  right  angles  to  each 
Clber.  It  remained  for  Mr.  Knight  to  expliun  how  tho  same  force, 
gimvilation,  could  produce  fiuch  opposite  effects,  causing  the  stem  to 
Mil  ml  AS  well  as  the  root  to  descend.  This  he  ingeniously  al- 
Iribated  to  llieir  different  mode  of  growlh.  Tlie  root  growing  at  it« 
extremity  only,  he  supposed  that  Ihe  soft  substance  of  the  growing 
pofait  woulil  he  acted  upon  by  gravity  like  an  imperfect  solid,  and 
Mcimtulated  on  the  lower  side ;  while  the  stem,  growing  by  tlie 
'  an  iniemode  or  a  series  of  intemodes  already  formed,  its 
i  tisanes  would  be  unaffected  by  gravity,  which  could  affi-ct  only 
ntiTC  juices,  causing  their  acciunulation  on  the  lower  side  of  a 
29  • 
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stem  out  of  the  perpendicular  line ;  which  side,  thus  more  actively 
nourished,  would  grow  more  vigorously  than  the  upper,  and  so  cause 
the  stem  to  turn  upwards.  To  show  how  baseless  this  ingenious 
hypothesis  is,  we  liavc  only  to  remember,  on  the  one  hand,  that  the 
fluid  contents  of  the  cells  of  plants  arrange  themselves  in  obedience 
to  other  forces  than  gravity,  and  freely  rise  against  its  influence  to 
the  summit  of  the  lofliest  trees,  so  that  gravity  could  establish  no 
difference  within  tlie  diameter  of  a  germinating  stem ;  and  on  the 
other,  that  the  root  in  germination,  if  fixed  upon  its  surface,  will  pen- 
etrate a  fluid  of  greater  weight  than  itself,  such  as  mercury.  More- 
over, Schultz  and  Mold  have  shown  that,  by  careful  management  in 
reversing  the  ordinary  conditions,  —  as  by  germinating  seeds  in 
damp  moss,  so  arranged  that  the  only  light  they  could  receive  was 
reflected  from  a  mirror,  which  threw  the  solar  rays  upon  them  directly 
from  below,  —  the  ordinary  direction  of  the  organs  could  be  reversed, 
the  roots  turning  upwards  into  the  dark  and  damp  moss,  and  the 
stems  downward  into  the  light.  This  would  prove  that  light  has 
more  effect  than  gravitation,  or  any  other  imaginable  influence  of  the 
mass  of  the  earth.  Yet, —  what  shows  that  there  is  some  real  relation 
between  the  direction  assumed  by  the  plant  and  the  earth,  —  stems 
which  grow  in  complete  darkness  always  point  to  the  zenith,  as  is 
seen  in  the  shoots  of  vegetables  in  perfectly  dark  cellars,  mid  in  the 
elongated,  constantly  upright  stemlct  of  germinating  seeds  too  deeply 
buried  to  receive  any  light  before  they  reach  the  surface  of  the  soil 

CG8.  The  influence  of  a  mass  in  some  way  analogous  to  attrac- 
tion is  also  observed  in  the  gennination  of  the  Mistletoe.  Its  form- 
ing root  turns  regularly  to  the  tnink  or  branch  upon  which  it  is 
parasitic,  just  as  those  of  ordinary  plants  turn  to  the  earth.  And 
that  it  is  the  mass  and  not  the  quality  of  the  body  which  determines 
the  direction,  is  seen  when  germinating  seeds  of  the  Mistletoe  are 
fixed  close  to  the  surface  of  a  cannon-ball :  all  the  roots  as  they 
grow  ix)int  to  its  centre  and  advance  to  its  surface,  just  as  they  do 
to  the  branch  of  a  tree  which  they  penetrate. 

GCl).  "\Mien  the  stem  has  emerged  from  the  earth  into  the  light  of 
day,  this  exerts  a  controlling  influence  over  its  direction.  Young 
and  green  stems  always  tend  to  expose  theniscjlves  as  much  as  possi- 
ble to  the  light,  and  bend,  very  promptly  when  delicate,  towards  the 
most  illuminated  side,  as  is  well  observed  when  plants  are  raised  in 
an  apartment  lighted  from  a  single  aperture :  mid  consequently  in 
the  open  air,  being  equally  illuminated  on  all  sides,  they  grow  up- 
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^flPR  De  Candollc  ntlcmplod  a  mectuuiical  explanation  of  litis 
bending  of  green  elcms  towards  Ihe  light,  connecting  it  with  n^sitni* 
htUon  and  growtli,  lie  supposed  thai,  as  Ihe  eide  npon  whicli  llie 
light  Etrikes  will  fix  most  curboti  by  the  deconip(»ilion  of  ctirbonic 
add  (34G  -  SIS),  eo  iu  (i»«fiie  will  fiolidify  faster,  and  therefoie  clon- 
gntu  \esf,  than  llie  shaded  side  (wliiuli  will  becomo  drawn,  as  the 
gardener  terms  it)  ;  and  the  stem  or  branch  will  necessarily  bend 
towards  the  shorter  or  illuminated  side.  But  when  the  ligjit  is 
eqaajly  diflused  around  a  plant,  the  decomposition  of  carbonic  acid 
win  take  place  uniformly  on  all  Bides,  and  the  perpendicular  direc- 
tion natorally  be  mruntained.  Two  facta  at  once  demolish  this  in- 
geniotia  theory'.  1.  It  Is  now  wcU  known  that,  under  the  solar 
spoctrum,  the  decomposition  of  carbonic  acid  in  the  green  parts  of 
plants  is  effected  chiefly  by  the  most  luminous  rays,  that  is,  by  yellow 
light,  and  ncjtt  to  this  by  orange  and  red ;  whereaa  the  bending  is 
atroogest  under  the  violet  and  blue  rays,  the  yellow  producing  little 
cnnrature,  and  the  red  none  at  all.  2.  Wlien  a  stem  cur\-ed  under 
tlte  light  L*  split  from  the  apex  downwards,  ao  as  to  separate  the 
nhuninateil  from  the  shaded  side,  the  former  cur\-ea  more  tlian  be- 
Ibrc^  while  the  latter  tend^  to  straighten, —  showing  that  it  was 
polled  over  by  the  contraction  of  the  concave  side,  and  not  pushed 
mcr  \ij  its  otvii  greater  growth.  From  all  tliis  it  clearly  appears 
that  the  turning  of  parts  towards  the  light,  and  the  other  spedal 
Erections  of  plants,  are  independent  of  growth,  and  apparently  ore 
dfccted  by  some  inherent  power.  At  least,  they  have  thus  far 
pnnred  no  more  susceptible  of  mechanical  explanation  than  tliu  more 
inaifced  movements  of  animal?. 

670.  lu  leaves  it  is  the  denser  and  deeper  green  upper  surface 
(S€2)  that  is  presented  to  the  light,  while  the  paler  lower  surface,  of 
loMer  tUiue,  avoids  it.  The  recovery  of  the  natural  position,  when 
tba  leaf  is  artificially  revetued,  is  the  more  promptly  cifccted  in  pro- 
pottion  to  the  difference  in  Btnictiire  and  hue  between  the  two  strata, 
"niia  movement  is  so  prompt  in  some  plants,  that  their  leaves  follow 
tlie  daily  course  of  the  sun.  The  le-af  is  more  capable  of  executing 
fBdi  movements,  on  account  of  ils  extended  surface,  and  its  pliancy, 
an]  obo  on  account  of  its  usual  alL-ichment  by  an  articulation. 
Bere  the  slender  vascular  bundles  oppose  little  resistance  to  lateral 
nolion,  while  llio  soft  and  n.-uuUy  cellular  enlargement  fiivora  it. 
Ddeed,  the  eBicicnt  enu^e  of  the  movement  appeara  to  l>e  exerted 

laWfcJwd  to  be  ooaneeled  with  the  oaeqaal  t«iu 
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the  cells  on  the  two  sides.  We  might  therefore  expect  more  prompt 
and  obvious  changes  of  position  m  leaves  than  in  stems.  Familiar 
examples  of  the  kind  are  met  with  in  the  altered  nocturnal  position 
of  the  leaves,  &c.  of  many  plants  (often  drooping,  or  folded  as  if  in 
repose),  which  Linnseus  designated  by  the  fanciful  name  of 

G71.  The  Sleep  of  Plants.  This  is  well  seen  m  the  foliage  of  the 
Locust  and  of  most  Leguminous  plants,  and  in  those  of  Oxalis,  or 
Wood-Sorrel.  It  is  most  striking  in  the  leaflets  of  compound  leaves. 
The  nocturnal  position  is  various  in  different  species,  but  uniform  in 
the  same  species,  showing  that  the  phenomenon  is  not  mechanical 
Nor  is  it  a  passive  state,  for,  instead  of  drooping,  as  do  those  of  the 
common  Locust-tree,  the  leaflets  are  very  commonly  turned  upwards, 
as  those  of  Honey-Locust,  or  upwards  and  forwards,  as  in  the  Sensi- 
tive-Plant, contrary  to  the  position  into  which  they  would  fall  from 
their  own  weight  De  Candolle  found  that  most  plants  could  be 
made  to  acknowledge  an  artificial  day  and  night,  by  keeping  them  in 
darkness  during  the  day,  and  by  illuminating  artificially  at  night 
The  sensibility  to  light  appears  to  reside  in  the  petiole,  and  not  in 
the  blade  of  the  leaf  or  leaflet ;  for  these  movements  are  similarij 
executed,  when  nearly  the  whole  surface  of  the  latter  is  cut  away. 

672.  The  leaves  of  the  blossom  also  assume  various  positions, 
according  to  the  intensity  and  duration  of  the  light.     Many  expand 
their  blossoms  in  the  morning  luid  close  them  towards  evening. 
never  to  be  opened  again,  as  those  of  Cistus,  Portulaca,  and  Spider- 
wort  ;  while  others,  like  the  Crocus,  close  when  the  sun  is  with- 
drawn, but  expand  again  the  following  moniing.     On  the  other  hand, 
the  Evening  Primrose,  Silene  noctiflora,  &c.  unfold  their  petab  at 
twilight,  mid  close  at  sunrise.     Tlie  White  Water-Lily  (Njinphaea) 
expands  in  the  full  light  of  day,  but  uniformly  closes  nexu'  the  mid- 
dle of  the  afternoon,  and  is  then  usually  withdrawn  beneath  the  sur- 
face of  the  water.     The  Moming-Glory  opens  at  the  dawn;  the 
Lettuce,  and  most  Cichoraceous  plants,  a  few  hwirs  later,  but  close 
under  the  noonday  sun ;  tlic  ]Mirabilis  is  called  Four-o'clock,  because 
opening  nearly  at  that  hour  in  the  afternoon,  and  it  closes  the  next 
morning ;  and  so  of  other  species,  —  each  having  its  ovm  hour  or 
amount  of  light  in  which  its  blossoms  open  or  close.     Berthelot  men- 
tions an  Acacia  at  Teneriflfe,  whose  leaflets  regultu'ly  close  at  sunset 
and  unfold  at  sunrise,  while  its  flowers  close  at  sunrise  and  imfold 
at  sunset.     Although  these  movements,  both  in  leaves  and  blossoms, 
are  undoubtedly  dependent  on  the  light,  they  lu-e  by  no  means  directly 
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d  by  it.  Tho  eo-called  sleep  of  the  common  Seafiitivfi  Plant, 
f(^  instance,  begins  just  bofore  snnsef,  but  its  waking  frequently  pre- 
cedea  the  dawn  of  ilay  ;  showing  that  it  is  not  the  mere  amount  uf 
thr  light  wliich  gorcma  the  position,  in  the  manner  of  a  m^dianical 
power.* 

673.  Stnsiljle  BoTemenls  from  Irfltalion.  All  the  cliangca  of  posi- 
tion already  described  —  like  those  of  the  hands  of  a  clock  or  of 
the  fthaduw  on  a  dial  —  are  Joo  slow  for  the  motion  to  be  directly 
seen.  Bnl  a  greater  exaltation  apparently  of  ihia  common  faculty 
b  obewTcd  in  the  leaflets  of  various  I*giuninons  planls,  especially 
of  the  Mimosa  tribe,  wliich,  when  roughly  touched,  assume  their 
pccoliitr  nocturnal  position,  or  one  Uke  il,  by  n  visible  and  eomelimes 
&  rapid  movement.  The  Sensitive  Plant  of  the  gardens  (MimoMi 
pndicn)  is  n  familiar  instance  of  the  kind,  suddenly  changing  the 
position  of  its  leaflets  on  being  touched  or  jarred,  and  applj-ing 
tlieni  one  over  the  other  close  upon  the  secondary  petiole  ;  if  more 
ttrongly  irritated,  the  secondary  petioles  aL=o  bend  forward  and 
lippniach  each  other,  and  tlie  general  petiole  itself  sinks  by  a  bend- 
ing at  the  articulation  with  Ihc  stem.  Similar  although  less  vivid 
irritabiliiy  ia  ebown  by  the  Mimosa  slrigillosa  and  tlie  Rebrankia  of 
Ibe  Stnithem  Stales,  where  the  leaflets  promptly  fold  np  when 
bmshcd  with  tlie  hand.  Tlie  most  remarkable  instance  of  the  kind, 
hmrerer,  is  presented  by  another  native  plant  of  the  United  Slatea, 
(bo Diomea  rauscipuhi, or  Venus's  Fly-trap  (Fig.  2!)7,  298)  ;  in  wlilch 
the  touch  even  of  an  insect,  alighting  ujwn  the  upper  etirface  of  Iho 
outapread  lamina,  causes  its  sides  to  ctoae  enddenly,  the  elrong 
bristles  of  the  marginal  fringe  crossing  each  oilier  like  the  teeth  of 
« Itecl-trap,  and  the  two  surfaces  pressing  together  with  considerable 
ficce,  so  a^  to  retain,  if  not  to  destroy,  the  intruder,  whose  etru^lcs 
only  increase  the  pressure  which  this  animated  trap  exerts.  This 
BOet  extraordinary  plant  abounds  in  the  danip,  Eandy  savannas  in 
tbe  neighborhood  of  Cape  Fear  River,  from  "Wilmington  to  Fnyettc- 

*  The  odors  of  flowen,  dIm,  oro  lomi^timos  given  oIF  coatinnallv,  ns  in  tlie 
(hanga  odiI  the  Violet,  or  flowers  maj  nearlv  loso  their  fragranec  during  the  heat 
•f  »id-daj,  a*  in  moet  cosci ;  while  others,  Kneli  as  FeUrpmiam  trisic,  Hcsperis 
biMu,  uiil  most  dingj  flowers,  which  nro  almost  ecentlesa  daring  iho  daj,  ex- 
lak  a  powerful  fragraneo  at  uight.  The  night-flowering  Ccrcns  gntndiHonu 
■MiM  its  jiowerfa]  fragrance  at  interrntB ;  sndilca  cniBnotiona  of  uiior  bciOK 
B  off  aboat  every  quarter  of  an  lionr,  during  the  brief  period  of  (ho  expaa- 
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TiDe,  Nortli  OupbUna,  where  it  is  exoeedinj^y  abundant;  but  it  k 
not  elsewhere  found. 

674.  A  familiar,  altluragh  less  striking^  instance  oi  the  same  land 
is  seen  in  the  stamens  of  the  oonunoo  Barbeny,  which  are  so  exdt- 
ablCi  that  the  filament  approaches  the  pistil  with  a  sadden  jerk,  when 
touched  with  a  point,  or  brushed  hj  an  insect,  near  the  base  on  the 
inner  side.  The  object  of  this  motion  seems  plainly  to  be  the  dis- 
lodgement  of  the  pollen  from  the  cells  of  the  anther,  and  its  projec- 
tion upon  the  stigma.  But  in  the  Dioniea  it  is  difficult  to  ccmceiye 
what  end  is  subserved  by  the  capture  of  insects.  In  a  spedcs  of 
Stylidium  of  New  Holland,  not  uncommon  in  conservatories,  the 
column,  c(Hisisting  of  the  united  stamens  and  styles,  is  bent  over  to 
one  side  of  the  coroUa ;  but  if  slightly  irritated,  it  instantly  springs 
over  to  the  opposite  side  of  the  flower.  These  are  among  the  more 
remarkable  cases  of  the  kind,  but  by  no  means  the  only  ones. 
Anatomical  investigation  brings  to  view  no  peculiarity  in  the  struc- 
ture o^  such  plants  which  might  explain  these  movements.  Some 
other  movements,  which  have  been  likened  to  these,  are  entirely 
mechanical ;  as  that  of  the  stamens  of  Kalmia,  where  the  ten  an- 
thers are  in  the  bud  received  into  as  many  pouches  of  the  mono- 
petalous  corolla,  and  are  carried  outwards  and  downwards  when  the 
corolla  expands.  In  this  way  the  slender  filaments  are  strongly  re- 
curved, like  80  many  springs ;  until  at  length,  when  the  anthers  are 
liberated  by  the  full  expansion  of  the  corolla,  or  by  the  touch  of  a 
large  insect  or  other  extraneous  body,  they  fly  upwards  clasticallj, 
projecting  a  mass  of  ix)llen  in  the  direction  of  the  stigma. 

675.  The  twining  of  stems  round  a  support,  and  the  coiling  of 
tendrils,  are  attributed  by  Mohl  to  a  dull  irritability ;  and  this  is  the 
most  plausible  explanation  that  has  been  offered.  The  inner  side, 
which  becomes  concave  and  has  smaller  cells,  is  in  this,  as  in  other 
cases,  the  irritable  portion.  When  a  foreign  body  is  reached,  a 
contraction  of  this  side  causes  the  tendril  partially  to  embrace  the 
support:  this  brings  the  portion  just  above  into  contact  with  it, 
which  is  in  like  manner  incited  to  curve ;  and  so  the  hold  is  secured, 
or  the  twining  stem  continues  to  wind  around  the  support.  In  ten- 
drils this  irritability,  propagated  downward  along  the  toncave  side, 
would  appear  to  cause  its  contraction,  which  throws  the  whole  into 
a  spiral  coil,  or,  when  fixed  at  both  ends,  into  two  opposite  spiral 
coils,  thus  approximating  the  growmg  stem  to  the  supporting 
body. 
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|7&  In  all  these  cases,  whether  of  slow  or  rapid  change  of  posi- 
tion, the  iramedialc  cause  of  the  tnoyement,  however  iii<!ltu(l,  must 
bo  either  the  ebortf  ning  of  Uie  c«Ua  on  the  concure  side,  or  thoir 
elongHlion  od  the  convex  side.  The  fact  that  alems  curved  towards 
the  Ught  tend  to  cun'e  still  more  when  tJie  convex  side  is  cut 
Bway  (0G9)  poiTits  to  n  cODtraction  of  the  cells  on  the  concave  side 
Bs  tlie  cnma  of  the  cunaturc.  The  elaaticallj  bursting  pods  of  the 
BftUnm  or  Touch-nic-not  (Impaticns),  &c.  confirm  tliid  view.  Hero 
llie  valves  of  tlio  captiule  carve  uiward^  very  strongly  when  Uher- 
■led  in  delusvenec ;  and  that  tliL<  ii  owing  to  the  shortening  of  the 
celb  of  the  inner  layer,  and  not  to  the  enlargement  or  tui^acence  of 
thoee  of  the  tliick  outer  layer,  is  readily  shown  by  gently  paripg 
ftway  tlie  whole  outer  portion  before  dehiscence  ;  for  the  inner  layer 
when  lilK-raled  still  incur\'es  and  rolls  itself  up  as  strongly  as  before. 
Tlie  short  valves  at  iJie  summit  of  tlio  pod  of  Echinocystis  slowly 
curve  outwiirds  in  deliiseence ;  here  the  cells  of  iJie  outer  layer  of 
ibc  vnlvc  are  longer  and  narrower  than  those  of  the  inner,  and 
ihe  latter  are  stretched  and  torn  in  opening ;  so  that  here  the  coa- 
tnetion  of  tiie  cells  on  tlie  side  which  becomes  concave  is  undoubt- 
edly the  cause  of  the  moveinent.  And  since  muscular  movements 
Kre  cfiectcd  by  the  contraction  of  the  cells  which,  placed  end  lo  end, 
coEQpoAe  a  muscular  fibril,  we  may  suspect  that  vital  movements 
geaeraUy,  both  in  vegetables  and  in  animals,  are  so  far  analogous, 
lliat  they  are  brought  about  hi  tlie  same  general  way,  viz.  by  the 
tboruauag  uf  celU.  Kven  the  opening  and  closing  of  the  slomata 
of  tbo  leaves  (268)  appear  to  be  controlled  by  the  vitui  force,  and 
lo  be  effected  by  a  self-caused  change  in  the  form  of  the  guardian 
cells*  How  the  light,  or  external  irritation,  or  any  other  influence, 
acU  in  inciting  this  change  of  form  of  the  cells  of  some  i>art  of  a 
plant,  wc  know  no  more,  and  no  less,  than  we  know  how  a  ner^'e,  or 
an  clectricul  current,  nets  upon  a  muscle  of  an  animal  lo  bring 
I  or  change  of  eliape  of  its  component  cells. 


.  Spontaneoai  or  iotomilie  Mortmenli,  so  also  do  some  plants 

)  brisk  ftod  repeated  movements  irrespective  of  extraneous 
of  extraneous  excitation,  and  which,  indecil,  are  ar- 
I  by  tlie  touch.  An  instance  of  sucii  spontaneous  aud  coutin- 
tttS  motion,  of  tlie  most  remarkable  kind,  is  furnished  by  ilic  irifoli- 
date  [caves  of  Desmodium  gyrans,  an  East-Indian  Leguminous  plant. 
Tbo  lenninul  leaflet  does  not  move,  except  lo  ehungo  from  the 
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diumnl  to  the  nocturnal  position,  and  the  contrary ;  but  the  lateral 
ones  arc  continually  rising  and  falling,  both  day  and  night,  by  a  suc- 
cession of  little  jerks,  like  the  second-hand  of  a  time-keeper ;  the 
one  rising  while  the  other  falls.  Exposure  to  cold,  or  cold  water 
poured  upon  the  plant,  stops  the  motion,  which  is  immediately  re- 
newed by  warmth.  The  late  Dr.  Baldwin  is  said  by  Nuttall  to 
have  witnessed  the  same  thing  in  our  own  Desmodium  cuspidatum, 
in  Georgia;  but  the  observation  has  never  been  confirmed.  In 
several  tropical  Orchideous  plants,  and  especially  in  a  species  of 
Megaclinium,  the  lower  petal,  or  laheUum,  executes  similar  spontane- 
ous movement*?,  with  great  freedom  and  pertinacity.  Such  phenom- 
ena, occurring  as  they  do  in  Phsenogamous  plants  of  ordinary  struc- 
ture may  serve  to  render  more  credible  the  true  vegetable  character 
of  the 

678.  Free  Movements  of  the 

Spores  of  Alga,  and  the  cor- 
puscles or  spiral  filaments  of 
the  antheridia  of  mast  Cryp- 
togamous  plants,  already  re- 
ferred to  (Go9  -  G63).  The 
spores  of  most  of  the  lower 
AlgoB  arc  now  known  to  ex- 
hibit this  peculiar  activity 
at  the  time  of  their  dischai'ge 
from  the  i)aront  coll,  when, 
for  some  niomont?,  or  usual- 
ly for  several  hours,  they 
behave  like  infusoiy  ani- 
malS)  executing  siK)ntaneou3 
movements  in  the  water, 
until  they  are  about  to  ger- 
muiate.  This  singular  move- 
ment was  first  detected  many 
years     ago     in     Yaucheria 

FIG.  636.  Fruiting  end  of  a  plant  of  Vancheria  gcminata  (after  Thuret) ;  one  of  the 
branches  still  containing  its  spore.  637.  Moving  spore  just  escaped  from  the  apex  of  the 
other  branch  ;  the  ciliary  apparatus  seen  over  tlie  whole  surface.    638.  Spore  in  germinatkw. 

FIG.  639-642.  Successive  steps  in  the  germination  of  O^logonium  (Conferra)  yericaMi 
643.  The  plant  developed  into  a  series  of  c^lls,  four  of  which  display  the  successive  stepi  in  the 
formation  of  a  spore.  644.  The  locomotive  spore  with  its  vibratile  cilia  (copied  from  Thniet)- 
"When  the  movement  ceases,  and  it  begins  to  germinate,  it  appears  as  in  639.  (The  antheridii 
orTertilixing  apparatus  of  these  plants  were  not  known  when  these  figures  were  made.) 
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(Fif.  89,  C36).  Iinniei1ia.tely  on  its  discharge  from  tlie  tnollier 
plant  tlip  spore  bcpns  lo  move  freely  in  the  ivaler,  and  continues  to 
do  so  for  some  buur«,  when  it  fixes  itj-elf  and  begins  to  grow  (Pig. 
638).  lis  moTcmcnls,  moreover,  like  tho^e  of  the  antUeridinl  fila- 
ments or  corpusclas  may  be  enfeebled  or  arrested  by  the  application 
of  a  weak  solution  of  opium  or  eliloroform.  Tlirough  Uieso  lueans 
k  has  been  HBccrlained  that  they  ai-o  causod  by  ihe  vibrations  of 
minnle  cilia  irhieh  cover  the  eurracc,  ivhicli  arc  rendered  visible 
by  thus  enfeebling  their  movemenl,  and  which  exhibit  the  closest 
recembl&ncc  to  the  vihralilc  cilia  of  unimab,  espeeially  those  of  the 
polygaatric  animalcules.  In  Ihe  Conferva  tribe  generally  the  vibra- 
cQc  rida  oceupy  one  end  of  tlie  s|«>re,  and  are  in  some  cases  numer- 
ous (as  in  Fig.  C4-1),  in  others  only  two  or  three  in  nomber.  The 
rporea  arc  small,  and  of  about  the  same  specific  gravity  as  the  water 
in  which  they  live,  so  that  a  slight  foi'cc  suffices  to  propel  them. 

679.  LoMmotioD  of  Adall  HicrMCopic  Plants.  The  Bi<ores  ofVau- 
chcritt  and  the  like,  becoming  quiescent  before  germinal  ion,  grow 
into  Axed  ihrcad-Ukc  plants  of  considerable  size,  endowed  with  no 
greater  degree  of  motivity  than  ordinary  vegetables.  A  multitude 
of  alJIl  HDipler  Algfe,  however,  swarm  in  every  pool  or  stream,  so 
minnlfi  in  size  as  to  be  individually  totally  invisible  to  the  nakod 
eye  (most  of  them  when  full  grown  arc  very  much  smaller  ihnn  the 
apores  of  'N'auclieria,  Ac.)  ;  and  these  are  endowed,  even  at  mutarity, 

I    nth  sni-U  powers  of  locomotion  that   their   vegetable  character, 

HMMng^  now  well  made  out,  was  long  in  question  on  this  account 

^^^^■^     Of  lliis  kind  are  the  various  species  of  Osnllaria  (Fig-  84), 

^^Hnned  from  the  writhing  movement  they  exhibit,  the  Desmidi- 

j^geSfe,   to   which   Closterium  (Fig.    631)  belongs,  and    the  nearly 

alli^  Dintomaccx, — the  lowest,  minutest,   and    the  moAt  freely 

moving  of  plants,  but  clearly  members  of  ihe  vegetable  kingdom 

notwithstanding.     Tliese  execute  free  movements  of  translation,  in 

tone  ca«efl  slow,  in  others  rapid ;  but  the  mechanism  of  the  motion 

is  Mill  unknown. 

680.  Not  only,  therefore,  do  plants  generally  manifest  imprcssi- 
blDiy  or  tejuitireneu  lo  external  agents,  and  execute  more  or  less 
derided,  tlmugh  alow,  roovcmenis ;  but  many  species  of  the  higher 
graden  exhibit  certain  vivid  mniJons,  either  spontaneous  or  in  conse- 
qdence  of  extraneous  irritation  ;  while  the  lowest  tribes  of  aquatic 

:y  diminish  in  sixe  and  in  complexity  of  organization, 
ecute,  at  some  pcrioil  at  least,  varied  spontaneous  mi 
30 
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ments,  which  we  are  unable  to  distinguish  in  character  from  those  of 
the  lowest  animals.  It  is  at  their  lowest  confines,  accordingly,  that 
the  Tegetablc  and  the  animal  kingdoms  approach  or  meet,  and  even 
seem  to  blend  their  characters. 

681.  Wlien  we  consider  that  the  excitability  of  sensitive  plants 
is  often  transmitted,  as  if  by  a  sort  of  sympathy,  from  one  part  to 
another;  that  it  is  soon  exhausted  by  repeated  excitation  (as  is 
certainly  tlie  case  in  Diona?a,  the  Sensitive-Plant,  &c.),  to  be  re- 
newed only  after  a  period  of  repose;  that  all  plants  require 'a 
season  of  repose ;  that  they  consume  their  products  and  evolve  heat 
under  special  circumstances  with  the  same  results  as  in  the  aninud 
kingdom  (Chap.  VII.) ;  tliat,  as  if  by  a  kind  of  instinct,  the  various, 
organs  of  the  vegetable  assume  the  positions  or  the  directions  most 
favorable  to  the  proper  exercise  of  their  functions  and  the  supply  of 
their  wants,  to  this  end  surmounting  inten-ening  obstacles ;  when 
we  consider  in  this  connection  the  still  more  striking  cases  of  spon- 
taneous motion  that  the  lower  Algne  exhibit;  and  that  all  these 
motions  arc  arrested  by  narcotics,  or  other  poisons,  —  the  narcotic 
and  acrid  poisons  even  producing  effects  upon  vegetables  respectively 
analogous  to  their  different  effects  upon  the  animal  economy ;  we 
cannot  avoid  attributing  to  plants  a  vitality  and  a  power  of  "  making 
movements  tending  to  a  determinate  end,^  not  different  in  nature, 
perhaps,  from  those  of  the  lowest  animals.  Probably  life  is  essen- 
tially the  same  in  the  two  kingdoms  ;  and  to  vegetable  life  faculties 
are  superadded  in  the  lower  animals,  some  of  wliich  are  here  and 
there  not  indistinctly  foreshadowed  in  plants. 

682.  The  essential  differences  between  plants  and  animals  were 
enumerated  at  the  commencement  of  this  work  (16),  and  have  been 
illustrated  in  its  progress.  Distinct  as  are  the  general  structure 
and  the  offices  of  the  two  great  kinds  of  organized  beings,  it  is  still 
doubtful  whether  the  discrimination  is  absolute,  or  whether  the 
functions  of  the  vegetable  and  the  animal  may  not,  in  some  micro- 
scopic organisms,  be  imposed  upon  the  same  individual. 
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683.  In  the  preceding  chapters  plants  have  been  considered  in 
riepr  of  their  structure  and  action.  And  when  different  phints  have 
been  referred  to  and  their  diversities  noticed,  it  has  been  in  eluci- 
dation of  their  morphology,  —  of  the  exuberantly  varied  forms  or 
modifications  under  which  the  simple  common  plan  of  vegetation  is 
worked  out,  as  it  were,  in  rich  detail.  The  vegetable  kingdom,  that 
is,  vegetation  taken  as  a  great  whole,  presents  to  our  view  an  im- 
mense number  of  different  kinds  of  plants,  more  or  less  resembling 
each  other,  more  or  less  nearlv  related  to  each  other.  It  is  the 
object  of  Systematic  Botany  to  treat  of  plants  as  members  of  a 
system,  or  orderly  parts  of  a  whole,  —  and  therefore  to  consider 
them  as  to  their  kinds,  marked  by  differences  and  resemblances,  and 
to  contemplate  the  relations  which  the  kinds,  or  individual  members 
of  the  great  whole,  sustain  to  each  other.  To  tliis  end  the  botanist 
classifies  them,  so  as  to  exliibit  their  relationships,  or  degrees  of 
resemblance,  and  expresses  these  in  a  systematic  arrangement  or 
dassijication,  —  designates  tliem  by  appropriate  appellations,  and 
distinguishes  them  by  clear  and  precise  descriptions  in  scientific  lan- 
guage ;  so  that  not  only  may  the  name  and  place  in  the  system,  the 
kno^n  properties,  and  the  whole  history  of  any  given  plant,  be  read- 
ily and  surely  obtained  by  the  learner,  but  likewise  an  interesting 
view  may  be  obtained  of  the  general  scheme  or  plan  of  the  Cre- 
ator in  tlie  Vegetable  World. 

C84.  Our  present  endeavor  will  be  to  explain  the  general  prin- 
ciples of  natural-history  classification,  and  the  foundation,  or  facts 
in  nature,  upon  which  it  rests,  and  then  cursorily  to  show  how  these 
are  applied  to  the  actual  arrangement  of  the  kno^n  species  of 
plants. 
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CHAPTER    I. 

OP  THE  PRINCIPLES  OP  CLASSIFICATION. 

G85.  Plants  and  animals  —  the  members  of  the  organic  king- 
doms of  nature  —  exist  as  indwidnals  (13),  of  definite  kinds,  each 
endowed  with  the  cliaracteristic  power  of  producing  like  individuals 
and  so  of  continuing  the  succession.  The  diiTerent  sorts  (1.)  are  re- 
produced tine  to  their  cssentiid  cliaracteristics  lix)m  generation  to 
generation ;  and  (2.)  they  exhibit  unequal  and  very  various  degrees 
of  resemblance  or  of  dissimilarity  among  themselves.  These  simple 
propositions  lie  at  the  foundation  of  all  classification  and  system  in 
natural  history.  Upon  the  first  rests  the  idea  of  species  ;  upon  the 
second  that  of  generay  orders^  and  all  groups  higher  tlian  species. 

68G.  IndlTldaals.  The  idea  of  individuality  is  derived  from  man 
and  ordinary  animals,  and  thence  naturally  extended  to  vegetables. 
Individuals  are  beings,  owing  their  existence  and  their  characteris- 
tics to  similar  antecedent  beings,  and  composed  of  parts  which 
together  constitute  an  independent  whole,  indivisible  except  by  mu- 
tilation. Lidividuality  is  perfectly  exemplified  in  all  the  liigher  and 
most  of  the  lower  animals,  w^hich  multiply  by  sexual  propagation 
only,  and  in  which  the  off?;pring,  or  the  ovum,  early  separates  from 
the  parent ;  but  it  is  incompletely  realized  in  those  animals  of  the 
lower  grade  which  are  i)ropagated  by  buds  or  offshoots  as  well  as 
by  ova,  and  where  the  offspring  may  remain  more  or  less  intimately 
connected  with  the  parent.  Still  more  is  this  so  in  plants,  which 
in  every  grade  are  or  may  be  propagated  by  buds  or  offshoots; 
which  in  vegetation  develop  an  indefinite  number  of  similar  parts ; 
which  produce  branches  like  the  parent  plant,  and  capable  either  of 
continuing  to  grow  in  connection  with  it,  or  of  becoming  independent 
(232).  The  individual  plant,  therefore,  is  evidently  not  a  simple 
and  true  individual  in  the  proper  sense  of  the  word,  —  in  the  sense 
that  an  ordinary  animal  is.  A  kind  of  social  or  corporate  individu- 
ality in  the  complex  radiated  animals  often  gives  a  certain  limita- 
tion imd  shape  to  the  con  genes  or  polypldom,  and  in  many  of  them 
even  subordinates  certain  pai-ts  to  the  common  whole,  assigning  to 
them  sjiecial  functions  for  the  conunon  weal :  and  this  is  universally 
and  more  strikingly  tlie  case  with  plants,  except  the  very  simplest 
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K  ,tttl  for  practical  purposes,  and  in  a  looso,  gpneral  sense,  wc 
take  the  whole  (ihtnt  &a  an  iniliviiliinl,  eo  long  ns  it  forms  otic  coit- 
uci'lcd  mniw,  mwi  no  longiT.  But  in  a  philosophical  view  we  cannot 
well  ivgard  this  congeries  as  the  true  vegetable  individual. 

687.  Accordingly  many  botsmisls  (of  whom  are  Tliounrs  at  the 
bc^niiing  of  the  present  (^-nturj-,  and  Braun  "  at  ihe  present  day) 
9  the  true  individual  the  sliool,  or  simple  axis  with  ita  foli- 
■ge,  &e^  whollier  this  he  the  primary  stem  willi  its  roots  implant<»l 
in  the  soil,  or  a  branch  implanted  on  ihe  stem.  This  \'iew  simpli- 
a  oar  conception  of  a  vegetable,  but  is  itself  open  to  all  llie  olyec- 
lag  it  raises  against  the  individuality  of  the  plant  as  a  whole  For 
jaat  Bs  llie  herb,  sliruh,  or  tree  is  divisible  inlo  shoots  or  series  of 
irailar  axes,  so  the  slioot  is  divisible  into  similar  component  parts, 
r  pfaylons  (1G3),  indcfiiiitely  repeated,  and  which  may  equally  give 
UK  to  independent  plants.  Those  philoivphica]  tialuralists,  there- 
fore, who  find  no  stahle  ground  in  this  position,  are  forced  towards 
c  of  two  opposite  extremes.  Some,  justly  viewing  sexual  repro- 
duction as  of  the  highest  import,  are  led  lo  regnrd  the  whole  rege- 
ttttiTe  product  of  a  i«ed  as  theoretirally  constituting  one  individual, 
idiethcr  the  sncceaaive  growilis  remain  united,  or  whether  they  form 
A  ibouiand  or  a  million  of  vegclable.'^  as  may  often  happen.  Ac- 
cording to  ihU  view,  all  the  Weeping-Willow  trees  of  this  country 
e  parts  of  one  indindual ;  and  most  of  our  Potato  plants  must  be- 
long to  one  multitadinous  individual,  while  others  wholly  similar,  hut 
fiuhly  grown  from  seed,  are  each  individuals  of  themselves;  —  a 
tiew  which  apparently  amounts  to  an  absurdity  in  terms  and  in  fad. 
Otbers,  following  out  the  idea  mentioned  above,  and  laying  the  main 
!  ujKin  simplicity  and  indivisibility,  rather  than  upon  tendency 
to  a^poration.  regard  the  phyton  in  ordinary  plimis,  and  the  cell  in 
tboKe  of  hiwe-st  grade,  as  on  the  whole  best  answering,  in  the  vege- 
UUe  kingdom,  lo  the  simple  individual  in  the  animaL  But  this  is 
rely  a  queslion  of  greater  or  less  analogy.  For  the  individual,  in 
Ifaa  pmprr  sense  of  the  term,  is  more  or  less  confluent  inlo  a  vegeta- 
Htb  cycle  in  all  plants,  and  in  many  of  the  lower  animals,  and  allalns 
I  renliKaiioD  only  in  the  higher  grades  of  organized  e 


>  Set  Lii  claWtlG  treatise,  On  iht  Vryclable  hdiaidital  in  if  Rdalion  to  Speriet 
(of  «Mch  K  tnuutation  from  llic  German,  bf  C,  F.  Stone,  was  publisheil  in  the 
.   Anricui  Joumnt  of  Science  and  iJiu  Arts,  voU  19  uiil  SO,  IB55),  for  Ihe  com- 
ptfcrulopioMit  of  thi«  view,  and  for  the  hiawry  of  the  inhjoct  generallT-, 
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688.  Buty  whatever  it  maj  be  which  we  piacHcallj  or 
cally  regard  as  the  vegetable  individual,  it  is  evident  that  plants  as 
well  as  animals  occur  in  a  continued  succession  of  organisms  or 
beings  which  stand  in  the  relation  of  parent  and  o&pring.  Eadi 
particular  sort  is  a  chain,  of  which  the  individuals  are  the  links. 
To  this  chain,  or  (as  expressed  by  Linnaeus)  this  perennial  meeat- 
$%an  of  individuahy  the  natural-historian  applies  the  name  of 

689.  Speeiet  (14).    Every  one  knows  that  the  several  sorts  of 
phmts  and  animals  steadily  reproduce  themselves,  or,  in  other  words, 
keep  up  a  succession  of  essentially  similar  individuals,  and  under 
favorable  circumstances  increase  their  numbers.    Each  particular 
kind  of  cultivated  phmt  or  domesticated  animal  is  represented  befixe 
our  eyes  in  a  mass  of  individuals,  which  we  know  from  obserratioii 
to  a  certain  extent,  and  from  necessary  inference,  have   sprang 
from  the  same  stock.    And  common  observation  has  led  peopls 
everywhere  to  expect  that  the  difierent^sorts  will  continue  true  to 
their  kind,  or  at  least  to  conclude  that  the  different  sorts  of  plants 
or  of  animals  do  not  shade  off  one  into  another  by  insensible  grada* 
tions,  like  the  colors  of  the  rainbow,  as  would  have  been  the  case  if 
there  were  not  distinct  kinds  at  the  beginning,  and  if  their  distino- 
tions  were  not  kept  up,  unmingled,  and  transmitted  essentially  tm- 
altered,  from  generation  to  generation.     So  we  naturally  assume  that 
the  Creator  established  a  definite,  although  a  vast,  number  of  types 
or  sorts  of  plants  and  animals,  and  endowed  them  with  the  facultj 
of  propagation  each  after  its  kind  ;  and  that  these  have  so  continued 
unchanged  in  all  their  essential  characteristics.     Out  of  these  gen- 
eral  observations  and  conceptions  the  idea  of  species  must  have  origi- 
nated ;  from  them  we  deduce  its  scientific  definition.    Namely,  that 
the  species  is,  abstractly,  the  type  or  original  of  each  sort  of  plant, 
or  animal,  thus  represented  in  time  by  a  perennial  succession  of  like 
individuals,  or,  concretely,  that  it  is  the  sum  of  such  series  or  con- 
geries of  individuals ;  and  that  all  the  descendants  of  the  same  stod, 
and  of  no  other,  compose  one  species.    And,  conversely,  as  we  can 
never  trace  back  the  genealogy  far,  wc  naturally  infer  conununitj 
of  origin  from  fraternal  resemblance ;  that  is,  we  refer  to  the  same 
species   those   individuals  which   are  as  much  alike  as  those  are 
which  we  know  to  have  sprung  from  the  same  stock.* 

*  We  use  the  word  stock  advisedly,  (and  in  one  of  its  proper  meanings,  that 
of  the  original  or  originals  of  a  lineage,)  to  avoid  the  assertion  or  denial  of  ths 
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690.  Specific  identity  U  not  of  course  inferred  from  every  etrongly 
nutriied  resemblance ;  for  ihc  rcsemblnnco  may  be  only  that  of  genus, 
and  tudiviJiudii  .■'o  related  are  inferred  not  to  linve  liud  a  cotiimon 
origin.  Nor  b  it  denied  on  account  of  every  difference ;  for  individu- 
xb  of  llie  same  slock  may  differ  conBiderably ;  in  fact,  no  two  plunU 
irc  exactly  alike,  any  more  tlian  two  men  are.  Such  diflcrences 
wken  they  become  distinctly  marked  give  rieo  to 

691.  TarietlM.  If  two  seeds  from  tlic  same  pod  are  sown  in  dif- 
ferent soils,  and  submitted  to  difierent  conditions  as  respects  heat, 
lif^it,  and  moisture,  the  plants  tliat  spring  from  them  vrill  show 
DtMrlcs  of  this  different  Ircalment  in  tlieir  apfteiironce.  Sucli  differ- 
ences are  continually  arising  in  the  natund  course  of  thingi;,  and  l« 
produce  and  increase  them  artiliciBlly  U  one  of  the  objects  of  cnlti- 
vwion.  Siieh  variations  in  nature  are  transient ;  the  plant  often 
oatlttsting  the  cau^c  or  outgrowing  its  influence,  or  else  jierishing 
from  tlic  continued  and  graver  o|>enilion  of  the  modifying  influ- 
OKta.  But  in  the  more  marked  vnrietjes  which  alone  deserve 
the  name,  the  cause  of  the  deviation  is  occult  and  conslitulional ;  the 
denAtion  occurs  we  know  not  why,  and  continues  throughout  the 
exitience  and  growth  of  the  herb,  shrub,  or  iree,  and  consequently 
through  all  that  proceeds  from  it  by  propagation  from  buds,  as  by  off- 
Ma,  layers,  cutting,  grafts,  &c.  In  this  way  choice  varieties  of  Ap- 
ples, Pears,  Potatoes,  and  the  like,  are  multiplied  and  ]>erpetuntcd. 

692.  Since  the  progeny  inherits  or  tends  to  iufacrit  all  the  char- 
aders  and  properties  of  the  parent,  constitutional  varieties  roust  have 
a  Ivndeney  to  bo  reproduced  by  Bee<i,  —  a  tendency  which  mi^it 
otei  prevail,  within  certain  Umila,  over  tlmt  general  uiflucncc  which 

1  the  variety  lo  tlio  normal  stale,  were  it  not  for  tlie 

g  wltich  so  commonly  occurs  in  nature,  through  liie  cas- 

n  of  the  ovules  of  one  individual  by  the  pollen  of  other 

Is  of  the  same  species.     By  assiduously  pursuing  tlie  oppo- 


llaf  each  fpccici  from  B  single  iiiilmdUAl  or  a  single  pair, — a  question 
b  ariciirc  does  not  funiisli  gronads  tor  ilcdding.  It  is  ovidenlly  mora 
U  to  nauma  the  (ingla  origin,  whcro  there  is  no  prasomptign  to  iliu  coa- 
,  u  tbero  may  lie  in  the  coio  of  triiecious  or  of  organically  usoriatol  plants 
■imala  ;  tiut  tlio  conlmy  sappoisilion  does  not  affect  our  Idea  of  species,  if 
Dppote  ttie  origlnala  to  have  liecti  us  much  alike  as  individuals  procerding 
tin  Runa  puvat  nv,  and  to  have  hod  a  common  birtiiplacc.  Tti«  invcsU- 
A  of  tlic  gcographiotl  iliatribulion  of  plants  more  and  more  favors  the 
mination  of  each  species  from  a  matro  ofiU  own. 
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site  course  in  domesticated  plants,  that  is,  by  constantlj  insuring  the 
fertilization  of  the  o\aile3  of  a  marked  Tarietj  hy  the  pollen  of  the 
same,  and  hj  saving  seed  only  from  such  of  the  resulting  progeny  as 
possess  the  desired  peculiarity  in  the  highest  degree,  and  so  on  for 
several  generations,  it  would  appear  that 

G93.  RaceS)  viz.  varieties  whose  characteristics  are  transmissible 
by  seed  with  considerable  certainty,  may  generally  be  produced.     Of 
this  kind  are  the  particular  sorts  of  Indian  Com,  Rye,  Cabbage, 
Lettuce,  Radishes,  &c<,  and  indeed  of  nearly  all  our  varieties  of  culti- 
vated annual  and  biennial  esculent  plants,  as  well  as  of  several  per- 
ennials, many  of  which  have  been  fixed  through  centuries  of  domes- 
tication.    AVhat  is  now  taking  place  with  the  Peach  in  this  counti}' 
may  convince  us  tliat  i*aces  may  be  developed  in  trees  as  well  as  in 
herbs,  and  in  the  same  manner ;  and  that  the  reason  why  most  of 
our  cultivated  races  are  annuals  or  biennials  is  because  these  can 
be  perpetuated  in  no  other  way,  and  because  the  desired  result 
is  obtainable  in  fewer  years  than  in  shrubs  or  trees.     Although 
races  hardly  exist  independently  of  man,  he  cannot  be  said  to  origi- 
nate their  peculiarities,  nor  is  it  known  how  they  originate.    The 
sports,  as  the  gardener  calls  them,  appear  as  it  were  accidentallj 
in  cultivated  plants.     The  cultivator  merely  selects  the  most  promis- 
ing sorts  for  preservation,  leaving  the  others  to  their  fate.     By  par- 
ticular care  he  develops  the  characteristic  fcfiture,  and  strengthens 
and  fixes,  in  the  manner  already  explained,  the  tendency  to  become 
hereditjiry,  so  securing  the  transmissibility  of  the  variety  as  long  as 
he  takes  suflioient  care  of  it.     If  not  duly  cared  for,  they  dwindle  and 
lose  their  peculiarities,  or  else  perish  ;  if  allowed  to  mix  with  normal 
forms,  they  revert  to  the  common  state  of  the  species.     AVere  culti- 
vation to  cease,  all  these  valued  products  of  man's  care  and  skill 
would  doubtless  speedily  disaj)i)ear ;  the  greater  part,  perhaps,  would 
perish  outright ;  the  remainder  would  revert,  in  a  few  generations 
of  sjxjntaneous  growth,  to  the  character  of  the  primitive  stock. 

G94:.  Although  man  has  no  jwwer  to  cix?ate  the  peculiarities  of 
such  varieties,  he  may  manage  so  as  not  only  largely  to  increase 
them,  but  also  to  combine  the  peculiarities  of  widely  different  varie- 
ties of  a  species,  and  thereby  produce  novel  results.  This  is  effected 
by  Cross-breediuff,  i.  e.  by  fertilizhig  the  pistil  of  one  variety  with  the 
pollen  of  another  variety  of  the  same  species.  In  this  way  most 
esteemed  new  varieties  of  flowers  and  fruits  are  originated,  which 
combine  the  separate  excellences  of  both  parents.     The  cultivator 
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often  proceeds  one  step  farther,  in  certain  cases,  and  gives  rise  to  a 
different  kind  of  cross-breedsy  viz. 

695.  nybridSt  These  are  cross-breeds  from  different  but  nearly 
related  species.  It  is  well  known  that,  by  proper  precautions,  the 
pistil  of  a  flower  of  one  species  may  often  be  fertilized  by  the  pollen 
of  another  of  a  similar  constitution,  and  that  the  plants  raised  from 
the  seeds  so  produced  combine  the  characters  and  properties  of 
both  parents.  Some  kinds,  such  as  Azaleas  and  Pelargoniums,  hy* 
bridize  very  readily ;  in  others  hybridism  is  ciTected  with  difficulty 
between  nearly  related  species.  The  gardener  produces  hybrids 
among  most  of  his  favorite  plants,  and  variously  cross-breeds  and 
mingles  them,  so  as  to  confuse  the  limits  of  many  cultivated  species. 
But  in  nature  hybrids  rarely  occur.  Not  more  than  fifty  wild  kinds 
are  clearly  known  as  of  continued  or  frequent  occurrence.  Others 
may  perhaps  be  originated  from  time  to  time ;  but  their  existence 
is  transient.  For  hybrids  are  generally,  if  not  always,  sterile,  and 
therefore  incapable  of  perpetuation  by  seed.  But  their  ovules  may 
be  fertilized  by  the  pollen  of  either  of  their  parents,  when  the 
progeny  reverts  to  tliat  species,  probably  retaining,  however,  some 
traces  of  the  mixture,  unless  this  should  be  obliterated  by  successive 
fertilizations  from  individuals  of  the  same  parent  species.  It  is 
probable  that  cross-fertilization  between  different  individuals  of  the 
same  species  is  more  common  than  is  generally  sup})osed,  and  that 
it  is  one  of  Nature's  means  for  repressing  variation.  On  the  other 
hand,  continued  self-fertilization  (or  breeding  in  and  in)  is  almost 
sure  to  periKJtuate,  as  well  as  farther  to  develop,  individual  i)ecuhari- 
ties,  i.  e.  those  of  variety  or  race. 

696.  However  plants  may  be  modified  by  art  and  man's  device, 
the  systematic  botanist  proceeds  upon  the  ground  that  the  distinc- 
tions between  species,  whether  small  or  gr(»at,  arc  real,  and  in  nature 
are  permanent,  —  that  variation,  wide  as  it  may  be,  is  naturally  re- 
stricted within  certain  limits.  And  this  appears  to  be  true.  As  dis- 
tinctions subordinate  to  species  are  in  nature  lK)th  indefinite  and 
transitory,  these,  however  important  to  the  cultivator,  are  of  little 
account  'v^'ith  the  systematic  lx)tanist« 

697.  Species  are  the  true  subjects  of  classification.  And  the  end 
and  aim  of  systematic  botany  is  to  ascertain  and  to  express  their 
relationship  to  each  other.  The  whole  ground  in  nature  for  the 
classification  of  species  is  the  obvious  fact  that  species  resemble 
or  differ  from  each  other  unequally  and  in  extremely  various  de- 
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grees.  If  this  were  nol  go,  or  if  related  species  differed  one  from 
Rnolhcv  liy  a  constant  quantity,  fo  tliat,  wlien  arranged  according 
to  tlieii'  resemblances,  the  first  differed  from  ihe  second  aboat  m 
mndi  as  the  second  from  the  tliird,  and  the  third  from  the  fourlh, 
and  so  on  throughout, — then,  wilh  all  the  dtversily  in  the  vege- 
table kingdom  there  actually  ts,  there  could  be  no  natural  founds- 
lion  for  their  clas^ifleation,  Tho  mullitude  of  epecies  would  render 
it  necessary  to  classify  llicm,  but  the  classification  would  be  wliolty 
BPtificinl  and  arbitrarj-.  Tlie  actual  constitution  of  Ihe  Tcgetable 
kingdom,  howerer,  as  appears  from  \3bserrn,tion,  is,  tlmt  some  ttpocici 
resemble  each  other  very  closely  indeed,  others  differ  as  widely  at 
possible,  and  between  tliese  tlie  most  niimeroiM  and  tlie  most  varioa* 
grudes  of  resemblance  or  difference  are  prcsenl«d,  but  always  with 
a.  manifest  lendtncy  to  compose  groups  or  associations  of  resembling 
species, — groups  thu  more  nmneroua  and  apparently  the  liss  defi- 
nite in  proportion  to  the  number  and  the  nearness  of  the  points  of 
resemblance.  These  various  associations  the  naturalist  endeavors  to 
express,  as  far  aS  is  necessary  or  practi<;able,  by  n  series  of  genendi- 
zations,  —  of  which  the  lower  or  pnilieular  are  included  in  the 
higher,  —  based  on  the  morG  striking,  or  what  he  deems  the  hukI 
important  (i.  e.  tlic  most  delinite  or  least  exceptional)  points  of  rv- 
semblance  of  sevenil  grades.  Linnieiis  and  the  naturalists  of  liiii 
day  mainly  recognized  tiiree  grades  of  association,  or  groniis  supe- 
rior to  species,  vh.  the  genus,  the  oriUr,  and  the  class  ;  and  these  arc 
still  the  principiil  members  of  classification.     Of  these 

G!>8.  Gtners  (plural  of  Genus)  are  the  more  particular  or  special 
groups  of  related  species.  Tliey  are  groups  of  species  which  are 
most  alike  in  all  or  most  respects,  —  which  are  constructed,  so  to 
say,  upon  the  same  particular  model,  wilh  only  circumstantuil  dif- 
ferences in  the  details.  They  are  not  necessarily  nor  generally  tlte 
lowest  definable  groups  of  species,  but  are  the  toicest  mott  clrarly 
dtfinaUt  groups  which  the  botanist  recognizes  and  accounts  worthy 
to  bear  the  generic  name  ;  for  the  name  of  the  genus  with  tliat  of 
the  species  added  lo  it  is  the  scientific  np])ellalion  of  the  plant  or 
animah  Constituted  as  the  vegeluble  and  animal  kingiloms  art,  the 
recognition  of  geneni,  or  greujis  of  kindred  species,  is  ns  nninrnl  an 
operation  of  the  mind  as  is  llie  conception  of  species  from  Ihe  asso- 
ciation of  like  individunli.  Tliis  is  because  many  ^ncm  are  so 
strongly  marked,  or  at  IciL't  npp<'nr  to  lie  so,  ns  fur  as  ordinary  ob- 
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pecies  of  Roses  nnd  Sweetbriers ;  ilie  Bramble  genus, 
comprbing  Raspberrif^,  ice.,  is  populiirly  distinguished  W  »  cer- 
tain i*xtent ;  llie  0;Jc  genua  is  dislinguiahed  from  ibe  Chestnnt  and 
the  Bret'h  9;enu5,  &f^ :  each  is  a  group  of  8j)ecics  whose  mutual 
resemblance  is  ^ater  than  tbiit  of  any  one  of  them  to  any  olber 
plant.  The  number  of  ttpeeios  in  EucU  a  group  is  immaterial,  aiid 
ia  fact  is  very  diverse.  A  genus  mny  l»e  represented  by  a  single 
blown  species,  when  its  peculiarities  nm  equivalent  in  degree  to 
tLose  whieh  ebaracterixe  other  genera. — r  case  wldch  often  owurs; 
although  if  this  wcro  generally  so,  genus  and  species  would  be 
equimlent  terms.  If  only  one  speeies  of  Oak  were  known,  itte  Oak 
genus  would  have  been  as  explieiily  discerned  as  it  is  now  IhKt  the 
Epedes  amount  to  two  hundred;  it  would  have  been  equally  distin- 
gimbetl  by  its  acorn  ond  cup  from  tbu  Chestnut,  Beech,  HnKol,  &c. 
FMniliar  illustrations  of  genera  in  the  animal  kingdom  are  furnished 
by  the  Cat  kind,  to  which  belong  the  domestic  Cat,  tlie  Catamount, 
Ibe  Pnnilier,  the  Lion,  the  Tiger,  the  Leopai'd,  &c. ;  and  by  the 
Dog  kind,  which  includes  with  the  T)og  Ibe  different  species  of 
Foxes  and  Wolves,  the  Jackal,  &c.  The  languages  of  the  most 
barbarous  people  show  that  they  have  recognized  such  groups. 
KalunttisLs  merely  give  to  Ihem  n  greuler  degree  of  precision,  and 
indicate  what  the  points  of  ngreement  are. 

69!}.  If  all  finch  groups  were  as  deflnitc  and  as  conspicuously 
marked  out  ns  those  from  whicli  illustrations  ore  generally  taken, 
genem  might  he  as  natural  as  species.  But  unfortunately  the  pure- 
ly popular  genera  are  comparatively  few,  and  allhoagh  often  eor- 
nctly  founded  by  the  unscientific,  yet  they  are  as  freijuently  wrongly 
Bmlted.  or  based  upon  fanciful  rescmblancas.  Popular  nomencla- 
tttra.  cmtiodying  the  common  ideas  of  people,  merely  showa  that 
Hmeric  groups  are  rec<^izah]e  in  a  considerable  number  of  cases, 
bat  not  that  the  whole  vegetable  or  the  whole  animal  kingdont  is 
Ariribln  into  a  definite  number  of  such  groups  of  eiiually  or  some- 
what equally  relnteil  species.  IrVliether  this  proves  to  be  so  op  not, 
and  whether  genera  are  actually  limited  groups  throughout,  this  is 
■Ot  the  plarc  to  consider.  Suffice  it  to  say,  that  tlierc  is  a  ground 
in  nature  for  genera,  and  tliat  the  naturalist  is  obliged  to  treat  them, 
ftr  systemniie  purposes,  as  strictly  definite  groujfs  of  species.  While 
pnrrn  T^'pn-seul  the  closer  relationships  of  species, 

I  or  Funiliei  (as   they  are   interchangeably  called  in 
express  remoter  rdalionshi|is  or  more  g'-ncml  rt'embliinw*. 
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They  are  groups  of  kindred  genera,  or  rather  genera  of  a  higher 
grade.  For  example,  Oaks,  Chestnuts,  Beeches,  Hazels,  and  Honi- 
beams  constitute  so  many  genera,  which,  although  quite  distinct,  haTC 
so  strong  a  family  likeness,  and  arc  so  much  alike  in  their  general 
structure  and  properties,  tliat  they  arc  associated  into  one  order  or 
family  group  (the  Oak  family) ;  while  the  Birches  and  the  Alders 
form  anotlier  order  not  very  different  in  character,  and  the  Walnuts 
and  Hickories  another.  So  the  Pines,  Firs  or  Spruces,  Larches, 
Cedars,  &C.,  obviously  related  among  themselves  so  much  more  than 
they  are  to  any  other  genera,  are  members  of  the  Pine  family ;  the 
Raspberry,  Blackberry,  and  Strawberry,  with  many  others,  are  as- 
sociated with  the  Rose  in  the  Hose  family ;  and  so  on. 

701.  GlasMS  are  to  orders  what  these  are  to  genera.  They  ex- 
press more  extensive,  or  the  most  extensive  relations  of  species,  each 
class  embracing  all  those  species  which  are  framed  upon  the  same 
general  plan  of  structure,  however  differently  tliat  plan  may  be 
carried  out  in  particulars.  Thus  all  Exogenous  or  Dicotyledonous 
plants  constitute  one  class,  their  stems,  their  embryo,  their  leaves, 
&c.  being  constructed  upon  the  same  general  plan  in  all  the  species, 
while  Endogenous  or  Moncotyledonous  plants  for  the  same  reasons 
compose  another  class. 

702.  The  sequence  of  groups,  rising  from  particular  to  universal, 
is  Species,  Genus,  Order,  Class ;  or,  in  descending  from  the  univer- 
sal to  the  particular. 

Class, 

Order, 

Genus, 

Species. 

703.  These  are  the  common  framework  of  all  methods  of  classifi- 
cation, both  in  the  aninml  and  the  vegetable  kingdoms.     But  these 
do  not  exhaust  our  powers  of  analysis,  nor  express  all  the  gradations 
which  we  may  obser\e  in  the  relationsliip  of  species.     They  merely 
gather  up  what  arc  deemed  the  most  essentitd  indications  of 
lationship,  and  express  them  under  three  grades  superior  to  sikhmcs^ 
which  always  carry  with  them  distinctive  names.     But  a  more  elab-^^ 
orate  analysis  is  often  requisite,  on  account  of  the  large  numbeir 
of  objects  to  be  arranged,  and  the  various  degrees  of  relationship 
which  may  come  into  view.     And  these,  wh<»n  needful,  are  expresseJ 
in  a  series  of  intermediate  gi'oui)3  or  divisions,  which  may  or  may 
not  require  distinctive  names.     Niuues  for  them  are,  however,  a 
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great  convenience,  especially  for  those  which  are  most  natural  and 
definite.  For  some  of  these  intermediate  groups  may  be  as  dis- 
tinctly marked  as  are  those  which  we  call  genera  or  orders. 

704.  The  great  advantages  and  proper  use  of  tliis  intermediate 
grouping  are,  tliat  it  secures  all  the  benefits  of  complete  analysis 
without  undue  multiplication  of  genera  and  orders,  and  that,  by  ex- 
tending the  scale,  more  grades  of  relationship  may  be  noted,  and  the 
whole  expressed  in  our  systems  in  truer  perspective.  Accordingly, 
when  groups  of  species  below  what  we  take  for  genera  are  recog- 
nized, and  found  to  be  so  well  marked  that  by  a  little  lowering  of 
the  scale  they  would  be  received  as  genera,  they  are  denominated 
Subgenera.  If  less  definite,  we  term  them  merely  Sections,  For 
example,  Pyrusy  the  Pear  genus,  embraces  Apples,  Pears,  Crab- 
apples  and  the  like  ;  and  the  Pear  itself  is  the  type  or  normal  rep- 
resentative. From  this  the  Apple  and  the  several  species  of  Crab- 
apple  differ  considerably,  but  not  quite  enough  to  warrant  generic 
separation:  they  are  therefore  recognized  as  forming  a  subgenus, 
Jfalus,  of  the  genus  Pyrus.  Again,  the  Bramble  genus,  Ruhts,  com- 
prises both  Raspberries  and  Blackberries,  which,  although  distin- 
guished by  everybody,  are  not  so  much  or  so  definitely  diflferent  from 
each  other  as  Apples  and  Crab-apples  are  lix)m  Pears ;  so  they  are 
ranked  merely  as  sections  of  the  Bramble  genus.  If  we  were  to 
receive  all  such  particular  groups  of  species  as  genera,  and  give  them 
substantive  names,  as  many  naturalists  are  doing,  the  nicer  grada- 
tions of  affinity  would  be  disregarded,  while  genera  would  be  reck- 
oned by  tens  of  thousands  ;  at  length  half  our  species  would  become 
genera  with  substantive  names,  and  the  whole  advantage  of  classifi- 
cation and  nomenclature  would  be  lost.  The  proper  discrimination 
of  genera  is  the  real  test  of  a  naturalist. 

705.  When  groups  intermediate  between  genera  and  orders  are 
admitted,  they  are  generally  denominated  Tribes,  and  their  divis- 
ions, if  any,  Subtribes.  But  the  highest  divisions  of  orders,  when 
marked  by  characters  of  such  importance  that  it  might  fairly  be 
questioned  whether  they  ought  not  to  be  received  as  indei>endcnt 
orders,  take  the  name  of  Suborders.  For  example,  the  great 
Rose  family,  as  we  receive  it,  embraces  three  suborders ;  one  of 
them  represented  by  the  Plum,  Peach,  Almond,  &c. ;  a  second,  by 
the  Pear,  Quince,  Hawthorn,  and  the  like ;  and  the  third,  by  the 
Rose  itself  and  its  immediate  relatives.  Some  botanists  receive 
these  three  as  so  many  orders :  we  regard  them  as  suborders,  be- 
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canse  of  the  Btrtmg  fiunilj  likeness  which  pervades  the  whole,  and 
of  the  transitions  hetween  thenL  In  the  krger  of  these  snbordeiSi 
or  the  proper  Rose  family,  we  recognize  three  tribes :  one  repre- 
sented bj  tlie  Rose  genus  itself;  one  bj  the  Bramble  genus,  widi 
the  Strawberry,  Cinquefoil,  Avens,  &c ;  and  the  third  bj  SfunBa 
and  its  near  relation^  And,  again,  the  second  and  larger  of  these 
embraces  genera  which  are  different  enough  to  be  ranked  under 
several  subtribes. 

706.  Upon  the  same  prindples,  groups  may  be  interposed  between 
the  orders  and  the  classes,  of  which  the  highest  kind  will  take  the 
name  of  Subclasses.  And  even  above  classes  we  have  the  most 
comprehensive  division  of  all  plants  into  a  higher  and  a  lower  grade 
or  Series  (98) ;  which  brings  us  up  to  the  vegetable  Kingdom, 
one  of  the  three  great  departments  of  Nature. 

707.  To  exliibit  the  whole  sequence  or  stages  of  natural-histoiy 
classification,  so  that  the  student  may  see  the  relative  rank  of  groups 
designated  by  the  terms  which  have  now  been  explained,  they  are 
here  presented,  arranged  in  a  descending  series,  beginning  with  the 
primary  division  of  natural  objects  into  kingdoms,  and  indicating  bj 
small  capitals  those  of  fundamental  importance  and  universal  use  in 
classification. 

KiNODOXS, 

Series, 

Classes, 

Sabclasses, 

Okders  or  Famiues, 
Saborders, 
Tribes, 

Subtribes, 
Geksra, 

Subgenera, 
Species, 
Varieties, 

Individuals. 

708.  Charactent  An  enumeration  of  the  distinguishing  marks,  or 
points  of  difference  between  one  class  or  order,  &c.  and  the  others, 
is  termed  its  character.  Characters  accordingly  properly  embrace 
only  those  points  which  are  common  to  all  plants  of  the  group,  but 
not  to  the  other  groups  of  the  same  rank.  The  characters  of 
classes,  &c.  are  restricted  to  those  general  peculiarities  of  structure 
upon  which  these  great  groups  are  established :  the  ordinal  charac' 
ter  recites  the  particulars  in  which  the  plants  it  comprises  differ 
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1  nil  others  of  the  class  ;  tho  generic  efiaraeter  cnumeroles 
!  points  which  i]istinguish  the  jihinls  of  tlic  genus  in  question 
n  all  otiiere  of  tlie  same  order  or  eulxn-drr ;  tlie  ipecific  cknracter 
i  the  differ«n(*a  belwet^n  8i)eoiea  of  tlie  Bwnfl  genus  ;  —  to 
n  bolnuieal  workd  more  or  less  of  geucral  drscriptlon,  accord- 
o  plan  and  extent  of  the  work,  is  gcnemllj'  added. 
.  A  complete  syslem  of  Botany  will  lliercfore  eomprisc  a 
diool  diiiiriliution  of  plants  according  to  their  organisation, 
r  charnctere  arranged  in  proper  piibordination  ;  so  tlial  llie 
esti^tion  of  any  one  particular  B|)ecies  will  hring  to  view,  not 
s  name  (which  separately  considered  U  of  little  imi>ortance), 
D  its  plan  of  struclure,  both  in  geneml  and  in  panieular,  it* 
'  *riaticii»hips,  essential  qualities,  and  whole  natural  history.  The 
dastitliralion  and  the  method  of  investigation  in  natural  hLstnry  eon- 
ftilulfi  not  only  the  most  complete  arrangement  known  for  the  col- 
location of  a  vast  amount  of  facts,  hut  also  the  best  system  of  prao 
ticnl  logic ;  and  ihc  study  exercises  and  sharpens  at  once  both  th« 
powers  of  reasoning  and  of  observation,  more,  probably,  than  any 
ir  pursuit.  As  a  system  for  collocating  facta  for  convenient  ref- 
9,  a  great  pmetical  advaiilage  of  natural  lilstory  is  secured  bjr 
if  iMQipily  devised 

710.  Binomial  NomtncIalOR.  Since  Ihe  time  of  Linmeus,  who  in- 
d  the  system,  the  scientific  name  of  every  plant  is  expressed 
k  two  words,  viz.  by  the  name  of  its  sjiecies  appended  to  that  of 
■  grous,  each  of  a  single  word.  That  of  the  genus,  i.  c.  tite  ge- 
•  name,  b  a  substantive ;  that  of  Ihe  species,  or  tho  specific 
n  a4jpelive  adjunct.  Tho  same  name  is  never  employed 
f  different  genera ;  the  same  specific  name  is  not  available  for 
a  one  sjwcies  of  the  same  genus,  but  may  be  used  in  any 
IDS.  A  few  thousand  names  accordingly  serve  completely 
ale  something  like  8,000  genera  and  nearly  100,000  spedes 
I  limits,  iu  a  manner  which  obviates  all  confusion,  and  does  not 
f  burden  tlie  memory.  The  generic  name  of  a  plant  aiiswera 
I  Eumamc  of  a  person,  as  Broicit  or  Jonrs;  tlie  specific  name 
1  to  the  baptismal  name,  as  Juhn  or  Jatnei.  Tlius,  Quereut 
\  is  the  botanical  appellation  of  the  Wlilte  Oak ;  Qaercu*  l>eing 
I  Bubslantivc  nam©  for  the  genus,  ami  aiha  (while)  the  adjeo- 
e  for  this  particular  s|)ceies ;  while  ihe  R4>d  Oak  is  na 
t  rutra  ;  the  Scjirlet  Oiik,  Quereug  eoceinta ;  the  Live  Onl^ 
r  the  Bur  Oiik,  Qiicrou  macrocitri'U ;  and  so  on. 
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The  scientific  names  of  plants  are  all  Latin  or  Latinized ;  and  that 
of  the  species  always  follows  that  of  the  genus. 

711.  Generic  names  in  botany  are  derived  from  various  sources. 
Those  of  plants  known  to  the  ancients  generally  preserve  their  clas- 
sical appellations ;  as,  for  example,  Quercus,  Fagxis,  Cort/ltu,  PruntUf 
3fyrtu8y  J'loloy  &c.     For  ])]unts  since  made  known,  even  their  barba- 
rous names  arc  often  a<loptcd,  wlicn  susceptible  of  a  Latin  termina- 
tion, and  not  too  uncouth ;  for  example,  Thtea  and  CofftBCL,  for  the 
Tea  and  Coffee  plants,  Bamhusa  for  the  Bamboo,  Tticcay  Negundo, 
&c.     But  more  commonly,  new  generic  names,  when  wanted,  have 
been  framed  by  botanists  to  express  some  botanical  character,  habit, 
or  obvious  peculiiu*ity  of  the  plants  they  designate ;  such  as  ArenO' 
ria,  for  a  plant  which  grows  in  sandy  places;    Dentaria,  for  a 
plant  with  toothed  roots ;  Lunaria,  for  one  with  moon-like  pods ; 
Sanfpiinana,  for  the  Bloodroot  with  its  sanguine  juice  ;   Crassula, 
for  some  plants  with  remarkably  thick  leaves.     These  are  instances 
of  Latin  derivatives ;  but  recourse  is  more  commonly  had  to  the 
Greek  hmguage,  in  which  compounds  of  two  words  are  much  more 
readily  made,  expressive  of  peculiarities ;  such  as  Memspermum,  or 
Moonseed ;  Litkospermtim,  for  a  plant  with  stony  seeds ;  Melanihium, 
for  a  genus  whose  flowers  turn  black  or  dusky ;  Epidendrnm,  for 
certain  Orchideous  plants  which  grow  upon  trees;  Liriodendro^ 
for  a  tree  which  bears   lily-shaped  flowers,  &c.     Genera  are  also 
dedicated  to  distinguished  persons;  a  practice  commenced  by  the 
ancients  ;  as  Ptponw,  which  boars  the  name  of  Pa?on,  who  is  said  to 
have  employed  the  plant  in  medicine ;  and  IHnphorbia,  Artemisia^  and 
Asclepias  are  also  examples  of  the  kind.     JMwlem  names  of  this 
kind  are  freely  given  in  commemoration  of  botanists,  or  of  persons 
who  have  contributed  to  the  advancement  of  natural  history.    Maf- 
nolia,  Bignonia,  Lobeh'aj  and  Ijonicera^  dedicatt^d  to  ^Magnol,  Big" 
non,  Lobcl,  and  Lonicer,  are  early  instances ;  Llnnfea^  Tourneforti<h 
Jusstcea,  Tfalleria,  and  Gronocia,  bear  the  names  of  the  most  ccl- 
(jbrated  botanists  of  the  eight(jcnth  century ;  luid  at  the  present  day 
almost  ever}'  devotee  of  the  science  is  thus  commemorated. 

712.  Specific  names  are  adjuncts,  and  mostly  adjectives,  adopted 
on  similar  principles.  Most  of  them  arc  expressive  of  some  char- 
acteristic or  obvious  trait  of  the  species  ;  as,  Magnolia  grand fJhriU 
the  Large-flowered  IMagnolia ;  Jf,  macrophylla,  the  Large-leaved 
Magnolia ;  M,  glauca,  which  has  the  foliage  glaucous  or  whitened 
undemeatli ;  or  Viola  tricolor^  from  the  three-colored  corolla  of  the 
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Pnnsjr ;  V.  rattrafa,  a  remnrkniily  long-spurred  species ;  I'  rotandi- 
folia,  witli  rounded  leaves  ;  V.  lanceotata,  willi  lonccolttto  leaves  ; 
I'.petlala,  with  pediitely  pnrted  leaves  ;  V,  primulafolia,  where  the 
tcavn  are  coniptired  to  those  of  llio  Primrose ;  and  V.  pubescent, 
with  pubescent  or  liiury  herbage.  Sometimes  the  specific  namo  re- 
Itn  to  the  eounliy  nhich  the  plant  inhabits  or  was  first  found  in,  as 
Viola  _Cttnaiiensi>,  the  Canadian  Violet ;  or  to  the  station  where  it 
tkktur&Uy  gtow«,  as  V.  palutln's  (Mori'h  Tiolel).  Sometimes  it  com- 
the  discoverer  or  descri])er,  when  it  rightly  lakes  the 
m,  as  Viola  Miihlenhergii,  V.  NvdaUii,  &c.  "WTion  corn- 
names  are  given  merely  in  compliment  lo  a  botanist  un- 
cenoected  with  the  discovery  or  hi^lory  of  the  plant,  the  ailJectiTe  form 
hpivfeJTed;  as  Carex  Torrtyana,  C.  Jfooieriana,&c.t  but  this  rule 
iinol  universally  followed.  Specific  names  are  sometimes  substantive  i 
as,  M^Ttdia  L'mitrella,  Ranattculus  Flarnmuta,  Hypericum  Sarolhra, 
Zimarin  Cgmhalaria,  &c  (most  of  the^e  being  old  generic  names 
Mcd  M  e[>ceific) ;  when  they  do  not  necessarily  accord  wiih  tlic 
genus  in  gender.  These,  as  well  as  all  specific  names  taken  from 
pOMOs  or  countries,  arc  to  be  written  with  a  capital  initial  letter. 

"IS.  Varieties  may  be  designated  by  names  when  lliey  are  re- 
mukabU)  enough  to  require  it.  The  nnmo  of  the  variety,  when 
and  at  all,  foUon-s  that  of  tlie  speeje.s,  and  is  formed  on  the  same 
flm.  Subgenera  need  to  be  designated  by  names,  winch  arc  sub- 
Mutive,  end  on  tfao  same  prinei]ilc  as  generic  names.  These  are 
MDrcrtii-nt  to  refer  to,  but  are  not  a  part  of  the  proper  name  of 
■  pliuii:,  which  ia  that  of  the  genua  and  s])ccie.4  only. 

71-t,  The  names  of  genera  and  species  are  the  same  in  all  botoni- 
al  sysliuns,  and  therefore  are  properly  alluded  to  here.  But  tlioae 
«f  orders,  and  all  other  groups  higher  than  genera,  vary  in  plan 
*itli  tbo  s)'^tent  adopted.    Chissi  Real  ions  are  of  two  sorts,  viz. 

715.  Hatnnl  and  ArliDtial  Syittms.  A  natural  system  carries  out 
Bl  pmclico  as  perfectly  as  possible  tlie  principles  sketched  in  tills 
idiatiier,  ammging  all  known  species  in  groups  of  various  grades  in 
*k"W  of  llieir  whole  plan  of  structure,  so  placing  each  genus,  tribe, 
Vrdn*,  itc  next  to  ibosc  it  most  resembles  in  all  resjiecls.  An  arti- 
Jdal  «y*teni  arranges  the  genem  by  some  one  character,  or  set  of 
dMnulm,  cho^n  for  convenience,  disregarding  other  considerations. 
It  Aims  only  to  provide  an  easy  mode  of  ascertaining  the  names  of 
plants,  aiKl  does  not  attempt  to  express  tlieir  ]>oints  of  resemblance 
but  serves  nearly  the  same  purpose  as  a  dictionary. 
31  • 
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71 G.  Artificial  systems  are  no  longer  used  in  botany,  except  as 
keys  or  helps  in  referring  plants  to  their  proper  groups  in  natural 
arrangements.  But  the  celebrated  Artificial  System  of  Linnseus 
so  long  prevailed,  and  has  exerted  so  great  an  influence  over  the 
progress  of  the  science,  that  it  is  still  desirable  for  the  student  to 
understand  it.  It  will  therefore  be  explained,  afler  we  have  illus- 
trated tlie  principles  of  the  Natural  System  of  Botany. 


CHAPTER    II. 

OP  THE  NATURAL  SYSTEM  OP  BOTANY. 

• 

717.  The  object  proposed  by  the  Natural  System  of  Botany  is 
to  bring  together  into  groups  those  plants  which  most  nearly  resem- 
ble each  other,  not  in  a  single  and  perhaps  relatively  unimportant 
point  (as  in  an  artificial  classification),  but  in  all  essential  particu- 
lars ;  and  to  combine  the  subordinate  groups  into  successively  more 
comprehensive  natural  assemblages,  so  as  to  embrace  the  whole 
vegetable  kingdom  in  a  methodical  arrangement.  All  the  charac- 
ters which  plants  present,  that  is,  all  their  points  of  agreement  or 
difTerence,  arc  employed  in  the  classification  ;  those  whirh  are  com- 
mon to  the  greatest  numljer  of  plants  being  used  for  the  primary 
grand  divisions ;  those  less  comprehensive,  for  subordinate  groups, 
&c. ;  so  that  the  character,  or  description  of  each  group,  when  fully 
given,  actually  expresses  the  main  particulars  in  which  the  plants  it 
embraces  agree  among  themselves,  and  difler  from  other  groups  of 
the  same  rank.  This  complete  analysis  being  carried  through  the 
system,  from  the  primaiy  divisions  down  to  the  species,  it  is  evident 
that  the  study  of  a  single  pliuit  of  each  group  will  give  a  com>ct 
general  idea  of  the  structure,  habits,  and  even  tlie  sensible  proper- 
ties, of  the  whole.    - 

718.  For  it  is  evident  that  the  relationships  of  plants  are  real; 
that  there  is  not  only  a  general  plan  of  vegetation  (with  which  the 
student  has  already  become  familiar),  but  also  a  plan  in  the  relations 
which  subsist  between  one  plant  and  another ;  that  the  species  sustain 
to  each  other  the  relation  of  parts  to  a  whole,  —  so  that  this  tchde^ 
or  vegetable  kingdom,  is  an  organized  system.     And  this  system,  as 
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mpreliL-mled,  may  be  lo  a  good  degree  expressud  in  our 
clASHificttlion.  This  idea  of  plnn  and  Ey!?t«m  in  nature  supposes  a 
I'laiiiier,  or  a  inind  wliicli  has  ordered  ihin^n^  so,  with  intelligeDce  and 
purput^  i  luid  it  id  litis  plan,  or  it-s  evidences  and  results,  wbieli  the 
oatttnUist  is  enden%-oring  to  investigate.  The  botanist,  accordingly, 
iod  nut  tindi^rtake  to  eonli-ive  a.  t-ysteni,  but  he  strives  to  express  in 
A  clnssilitMtlion,  as  well  as  lie  can,  the  System  of  Nature,  or,  in  otlior 
vords.  rhe  Plan  of  the  Creator  in  the  VegelaMe  Kingdom. 

719.  "  So  tiiere  can  Iw  only  one  nutunil  system  of  botany,  if  by 
the  term  we  mciin  the  plan  according  to  which  the  Tcgeiuble  crea- 
tion was  called  into  being,  with  all  itii  grades  and  diversities  among 
the  species,  as  well  of  past  as  of  llie  present  lime.  But  there  may 
be  many  natural  systems,  if  we  mean  the  attempts  of  men  to  Inter- 
ppel  and  express  tlie  plan  of  the  vegetable  creation,  —  s^tems 
which  will  vary  with  our  advancing  knowledge,  and  with  Uie  judg- 
ment and  skill  of  different  botanists,  —  and  wliieh  must  all  be  very 
imperfect.  Tiiey  will  all  bear  the  impress  of  individual  minds,  and 
be  tluped  by  the  current  philosophy  of  the  age.  But  the  endeavor 
always  is  to  make  the  classiiication  a  reflection  of  Nature,  as  far  as 
■n^  system  can  be  which  lias  lo  express  such  a  vast  and  ever  in- 
creasing array  of  facts,  and  most  various  and  inirieate  relations,  in 
•  wriea  of  definite  propositions,  and  Imvo  its  divisions  and  sabdi- 
rinons  following  each  other  in  some  lixed  order."  Our  so-called 
Utural  mellioiU  must  always  fail  lo  give  more  than  an  imperfect 
•ml  considei-ably  distoi-ted  reflection,  not  merely  of  the  plan  of  the 
TCgetahlu  kingdom,  but  even  of  our  knowledge  of  it ;  and  every 
feem  of  it  yet  devised,  or  likely  to  be,  is  more  or  le«s  artilicial,  in 
Mme  of  its  pans  or  details.     This  is  inevitable,  beeaaae, — 

720.  (1st.)  Tlie  relationships  of  any  group  uumot  always  be  right- 
ly eatiniatcd  before  all  its  members  are  known,  and  their  whole 
Htmcmre  understood ;  so  that  the  views  of  botanists  are  liable  to  be 
noflied  with  the  discoveries  of  evety  year.  The  discovery  of  a 
■In^  plant,  or  of  a  point  of  structure  before  misiuderstood,  lias 
Bometimes  changed  materially  the  position  of  a  considerable  group 
ia  tb6  eysteni,  and  minor  alterations  are  continually  made  by  our  in- 
tieaaing  knowledge.  (2d.)  Tlic  groups  whicli  we  rccognixe,  and  di&< 
1'F'g'""''  ns  genera,  tribes,  orders,  &c^  are  not  always,  and  perhaps 
IM  gemrally,  completely  circumscribed  in  nature,  as  we  are  obliged 
la  tteiune  ibem  lo  be  in  our  classification.     This  might  be  expected 

G  of  the  case.     For  (he  tiaCuralisl's  groups,  of  wh 
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ever  grade,  are  not  realtttesy  but  ideas  ;  their  consideration  involves 
questions,  not  of  things,  1)etween  which  absolute  distinctions  might 
be  drawn,  but  of  degrees  of  resemblance,  which  may  be  expected  to 
present  infinite  gradations.  (Sd.)  Although  the  grades  of  affinity 
among  species  are  most  various,  if  not  wholly  indefinite,  the  nat- 
uralist reduces  them  all  to  a  few,  and  treats  his  genera,  tribes,  &c. 
as  equal  units,  or  as  distinguished  by  characters  of  about  equal  value 
throughout,  —  which  is  far  from  being  the  case.  (4th.)  Tlie  nat- 
uralist in  his  works  is  obliged  to  arrange  the  groups  he  recognizee  in 
a  lineal  series ;  but  each  genus,  or  order,  &c.  is  very  often  about 
equally  related  to  three  or  four  others ;  fo  that  only  a  part  of  the 
rehitionsliip  of  plants  can  practically  be  indicated  in  the  published 
arrangement. 

721.  The  natural  system  as  sketched  by  Bernard  and  A.  L.  Jus- 
sieu,  and  improved  by  the  labors  of  succeeding  botanists,  essentiaDy 
consists  of  an  arrangement  of  the  known  genera  acconling  to  their  af- 
finities under  two  hundred  or  more  natural  orders,  and  of  these  under 
a  few  great  types  or  classes.  What  is  now  most  wanted  to  complete 
the  system  is  a  truly  natural  arrangement  of  the  orders  under  the 
great  classes,  like  that  of  the  genera  under  their  respective  orders. 
Until  this  is  done,  the  series  in  which  the  orders  follow  one  another 
in  botanical  works  must  not  be  regarded  as  a  part  of  the  system  of 
nature.  Different  authors  adopt  different  modes  of  arranging  them ; 
and  all  of  thcni  that  a  learner  could  use  are  avowedly  more  or  less 
artificial. 

722.  Omitting  all  historical  details  and  statements  of  more  or  less 
conflicting  views,  we  will  briefly  sketch  the  outlhies  of  the  principal 
divisions  of  the  vegetable  kingdom,  according  to  the  natunil  system 
as  we  now  practically  receive  it.  In  explaining  the  principles  of 
chissification,  we  proceeded  from  the  individual  to  the  class.  In  ex- 
amining the  actual  construction  of  the  system  of  botany,  it  is  simpler 
to  regard  the  vegetable  kingdom  as  a  whole,  and  show  how  it  is  nat- 
urally divided  and  subdivided.  Tliis  is  the  course  a  student  must 
follow  with  an  unkno'Nvn  plant  before  him,  which  he  wishes  to  refer 
first  to  its  class,  then  to  its  order,  and  finally  to  its  genus  and 
species. 

723.  The  long  and  complex  series,  stretching  from  the  highest 
organized  vegetable  down  to  the  simplest  and  minutest  of  the  Fungi 
and  Algae,  is  most  naturally  divided,  as  we  have  already  seen,  into 
two  parts,  forming  a  higher  and  a  lower  grade  or  series  (98),  viz. 
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Series  L  Ph^nooamous  (op  Phanerogamous)  or  Flower- 
JSQ  Plants  (114, 117),  which  produce  flowers  and  seeds,  the  latter 
containuig  a  readj-formed  embrya 

Series  11.  Cryftogamous  or  Flowerless  Plants  (113, 
117,  651),  whose  organs  of  reproduction  are  not  flowers,  but  some 
more  or  less  analogous  apparatus,  and  wliich  are  propagated  by 
spores  or  specialized  cells. 

724.  We  have  next  to  consider  how  these  two  series  may  be 
themselves  divided,  in  view  of  the  most  general  and  important  points 
of  diflerence  which  the  plants  they  comprise  exhibit.  Whenever 
Phsenogamous  plants  rise  to  arborescent  forms,  a  difference  in  port 
and  aspect  at  once  arrests  attention ;  that  which  distinguishes  our 
ocmmion  trees  and  shrubs  from  Palms  and  the  like  (Fig.  184).  On 
examination,  this  is  found  to  accompany  a  well-marked  important 
difference  in  the  structure  of  the  stem  or  wood,  and  in  its  mode  of 
growth.  The  former  present  the  exogenous,  the  latter  the  endoge- 
nous structure  or  growth  (200  -  203,  207,  &c.).  This  difference  is 
equally  discernible,  if  not  so  striking,  in  the  annual  or  herbaceous 
stems  of  these  two  sorts  of  Pha3nogamous  plants.  A  difference  is 
also  apparent  in  their  foliage ;  tlie  former  generally  have  reticulat' 
edj  or  netted'Veinedy  the  latter  parallel-veined  leaves  (270).  The 
leaves  of  the  former  usually  fall  off*  by  an  articulation ;  those  of  the 
latter  decay  on  the  stem  (309,  310).  The  Phainogiunous  series, 
therefore,  divides  into  two  great  classes,  namely,  into  Kxogenous 
and  Endogenous  plants,  more  briefly  named  Exogens  and  Endo- 
GENS.  Tlie  difference  between  the  two  not  only  i>er\ades  their 
whole  port  and  aspect,  but  is  manifest  from  the  earliest  stage,  in  the 
plan  of  the  embryo.  The  embrj'o  of  Exogens,  as  already  shown,  is 
provided  with  a  pair  of  cotyledons  (or  sometimes  with  more  tlum 
one  pair)  ;  that  of  Endogens,  with  only  one ;  whence  the  former  are 
also  termed  Dicotyledonous,  and  the  latter  Monocotyledo- 
NOrs  plants  (128,  G41-G43):  names  introduced  by  Jussieu,  the 
fiithcr  of  this  branch  of  botany.*  Taking  these  divisions  for  classes, 
we  have 

*  There  is,  perhaps,  no  real  and  complete  exception  to  the  coincidence  of  an 
exogenoas  stem  with  a  dicotyledonous  (or  polycotyledonoiis)  embn'o,  and  of  an 
cndogenons  stem  with  a  monocotyledonous  embryo.  Nyctaginaccous  ]>lants 
and  some  others  have  a  few  vascular  bundles  scattered  through  their  pith,  but 
tiw  rest  of  the  wood  is  regularly  exogenous.  The  stalk  of  Podophylhim  imi- 
nn  Endogen,  bat  the  sabterraocan  rootstock  is  truly  exogenous,  as  it  should 
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Clatll.      ExOGliNOL-S  OR   DlCOTVI-KDONOfS   PlAXTS;  lliose 

with  endogpnous  slems,  netted-veined  leaves,  and  dicotyledonous  (« 
rarelj- polyi-olyli^Jonous)  embi'j-o; 

G?tiM  II.  Endogenous  or  Monocottledonous  pLAJtii; 
those  with  endogenous  Etems,  mostly  parallel-veined  leaves,  nnd 
monocolyledonous  embiyo. 

725.  Without  enlcriug  here  into  a  parlicultir  explanation  of  the 
diversities  of  structure  which  Cryptognmous  plants  present,  EulSce 
it  to  say  that  they  exhibit  three  grades  of  eimplificaiion  as  to  their 
vegetation,  which  appear  to  correspond  with  three  difierent  modes 
of  ferlilization.  Plants  of  the  highest  grades  of  the  Cryptogamoui 
series  have  wood  and  duels  in  their  composition  (i.  e.  tliey  are  vascu- 
lar plants,  111),  and  display  the  ordinary  type  of  vegetation,  yjt. 
with  an  axis  or  alem,  bearing  distinct  fohage,  But  this  stem  in 
structure  is  neither  endt^enous  nor  exogcnot»,  and  grows  from  the 
apex  only,  having  no  primary  root ;  whence  these  vascular  Flower- 
less  phinls  have  been  callt-d  Acbogens,  or  AcROoEKors  plants. 
Of  this  kind  are  Ferns,  Lyuopodiaeeo;,  Equisetaccie  or  Ilorsetaila, 
&e.  The^e  plants,  it  appears,  produce  their  oi^ans  analogous  to 
flowers,  and  have  their  fccundatioa  effected,  once  for  all,  upon  the 
infantile  or  germinating  plantlet,  and  the  result  is  the  ori^iuition  of 
a  bud,  which  develops  into  the  adult  plant ;  and  lltat  bears  llie  fruit, 
in  the  form  of  spore-cases  and  spores  (663).  Here  then  are  the 
characters  of 

Oltus  III.  ACKOGENOus  Plants  ;  Cryplogamous  plants,  with 
a  distinct  axis  and  mostly  wtlh  foliage,  having  wood  and  ducts  in 
their  composition:  fertilization  occurring  upon  a  transient  germinat- 
ing planllct,  and  giving  rise  to  the  adult  plant. 

726.  The  other  Cryplogamous  plants,  being  composed  of  paren- 
chyma only,  (or  with  slight  exceptions,)  are  called  Cellular  pluiits 
(111).  Among  them  the  Mosses  and  Liverworts  present  for  liie 
most  part  the  ordinary  plan  of  vegetation ;  their  organs  analogous 
to  flowers  appear  in  the  adult  plant ;  and  the  ferlilizalioa  of  the 
pistillidium  gives  origin  to  a  sporangium  in  which  a  multitude  of 
spores,  ca]>able  of  germination,  are  developed.     These  compose 

Class  IV.  Anophytes  :  cellular  Ci^ptogamous  jilonte,  with 
^tinct  stem  and  foliage,  or  sometimes  these  parts  confluent  into  a 


r  motslocks  of  ^uCrr-Lilics  appear  to  bo  ondogcnoiu ;  bnl 
;stigiiti>cl  Ihem  minulclv,  declare  that  tlicy  >re  not  loally  M 
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fiond,  ootnposed  of  parenchyma  lilane :  iertiliKalion  giving  rise  lo  a 
iponui^um  filled  with  spores. 

727.  Tlie  remaining  and  lower  grado  eonsisis  of  plants  Buch  as 
lichens,  St^weeds  or  Algn;,  and  Fungi,  wtiicli  exhibit  no  clear  dis- 
IiDctMn  into  slem,  txml,  and  teuvefi,  but  consist  of  single  ccll^  or  rows 
«f  cvlU  in  iheir  lowe=t  grades,  and  in  the  higher,  of  masses  of  cells 
disposed  in  almost  every  ehajie,  but  tending  mostly  to  flat  sirnla  Or 
expansions ;  hence  the  TcgcUttion  is  termed  a  thallut  (or  bed),  and 
lUs  vord  gives  n  name  lo  the  class,  viz. 

C/at*  V.  TiiALLorHYTEs :  cellular  Cryplogamous  plants  with 
DO  distinction  of  axis  and  foliage  ;  tlieir  spores  nioiitly  directly  fer- 
tilized (as  explained  in  another  place,  C^C -GDI). 

728.  These  five  classes  are  unequal  in  extent  and  diversity  i  tho 
1  class  containing  much  the  largest  number  of  orders  ;  the 
also  comprising  a  considerabtb  number;  the  others  com- 

fmo  few  orders  or  main  types,  but  are  most  of  them  very  rich 
ia  tribes,  genera,  and  sjieeie^. 

729.  Only  tlie  first  or  highest  elass  presents  such  marked  divcr- 
litjf  of  type  among  the  plants  it  comprises  as  to  call  for  the  estab- 
Iktiqwnt  of  etibclasses,  that  is,  of  groupa  of  euch  importance  ua  to 
nite  the  question  whether  they  should  not  be  regarded  as  classes. 
1U>  question  is  raised  by  the  peeuliarities  of  Conifene  (Pines,  Cy- 
jmeet,  the  Yew,  &c.),  and  by  the  tropical  order  of  Cyeadaeea; ;  in 
lAtch,  not  only  are  tlie  flowers  reduced  to  the  greatest  simplicity, 
ia  Ibc  fertile  ones  consist  of  naked  ovules  merely,  borne  on  the 
mrpns  or  surface  of  a  sort  of  open  leaf,  or  else  of  on  ovule,  without 
Mqnhing  answering  lo  a  pistil  at  alL  But  as  tliese  plants  are  truly 
uogenocis  and  dicotyledonous  (or  often  polyeolyledonous),  the  belter 
fl]Hiiian  is  that  they  should  I>e  ranked  under  tlie  Exogenous  or 
Dioolyledonous  class,  as  a  subclass.  So  ih.il,  while  the  miun  body 
at  the  first  class  consists  of 

Subclast  I,  Akg  I  OS  PERM  DCS  ExooENS  :  VIZ.  those  with 
jnper  pistils  enclosing  their  ovules  in  an  ovaiy,  in  the  ordinary 
Mnnor ;  the  pollen  lo  fertilize  the  ovules  received  u|>on  a  sligma 
(420,  550,  574).  — the  others  form  the 

Saiclast  U.  Gimnosi-eumous  Exooens:  those  with  naked 
erale*  and  seeds  (as  the  name  denotes),  which  are  fertilized  by 
find  »pplication  of  the  poUen  (5G0,  573,  625). 

780.  The  general  plan  of  the  classes  and  subclasses  may  be  pro- 
MOted  in  one  view,  as  in  the  subjoined  synopsis. 
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731.  The  arrangement  and  general  character  of  the  principal 
orders  under  each  class  form  the  subject  of  the  ensuing  chapter. 
Before  entering  upon  it,  the 

732.  Nomenelatflre  of  Orders,  Tribes,  &e.  requires  some  explanation. 

The  names  of  such  groups  are  in  the  plural  number.  As  a  gen- 
eral rule,  the  name  of  an  order  is  that  of  some  leading  or  well-known 
genus  in  it,  prolonged  into  the  adjective  termination  acea.  Thus, 
the  plants  of  the  order  which  comprises  the  IMallow  {Malva)  are 
called  MalvacecB  ;  that  is,  PlantcB  Malvaceae  or,  in  English,  Malva- 
ceous  plants:  those  of  which  the  Rose  (Rosa)  is  the  well-known 
representative  are  Rosacece,  or  Rosaceous  plants,  &c.  Some  few 
ordinal  names,  however,  are  differently  formed,  and  directly  indicate 
a  characteristic  feature  of  the  group ;  as,  for  instance,  Leguminos^s^ 
or  the  Leguminous  plants,  such  as  the  Pea,  Bean,  &c.,  whose  fruit 
is  a  legume  (GIO)  ;  UmbeUifera,  or  Umbelliferous  plants,  so  named 
from  having  the  flowers  in  umbels ;  ComposittB^  an  order  having 
what  were  termed  compound  flowers  by  the  earlier  botanists  (394) ; 
LahiatiEy  so  called  from  the  labiate  or  two-lipped  corolla  wliich 
nearly  all  the  species  exhibit;  CrucifenEj  which  have  their  four 
petals  disposed  somewhat  in  the  form  of  a  cross  (Fig.  405). 

733.  Suborders,  tribes,  and  all  other  groups  between  orders  and 
genera,  bear  names  framed  upon  the  same  principles,  that  is,  they 
are  plural,  substantively-taken  adjectives,  derived  from  the  name  of 
some  cliaracteristic  genus  of  tlie  group.  Thus  the  genus  Rom 
gives  name  to  a  particular  tribe,  Rosece,  of  the  order  Rosacea  ;  the 
genus  Malva  to  tlie  tribe  Malvece,  of  the  order  Malvace€Bj  &c.,  —  the 
termination  in  acea  being  avoided,  because  reserved  for  ordinal 
names. 


CHAPTER    III. 

ILLUSTRATIONS  OP  THE  NATURAL  ORDERS  OR  FAMILIES. 

734.  Some  authors  (such  as  Jussieu  and  Endlicher)  commence 
with  the  lower  extremity  of  the  series,  and  end  with  the  higher ; 
while  others  (as  De  Candolle)  pursue  the  opposite  course,  beginning 
with  the  more  perfect  Flowering  plants,  and  concluding  with  the 
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lowest  grade  of  Flowerless  plants.    The  first  mode  possesses  the 

theoretical  advantage  of  ascending  hj  successive  steps  from  the 

* 

simplest  to  the  most  complex  structure ;  the  second,  the  great  prac- 
tical advantage  of  beginning  with  the  most  complete  and  best  undep- 
stoody  and  proceeding  gradually  to  the  most  reduced  and  least 
known  forms,  or,  in  other  words,  from  the  easiest  to  the  most  dif- 
ficult ;  and  is  therefore  the  best  plan  for  the  student. 

735.  Until  the  orders  shall  have  been  successfully  associated  into 
natural  alliances  or  superior  groups,  (of  whatever  name,)  it  is  most 
convenient  to  follow  De  Candolle*s  arrangement  of  them,  in  a  gen- 
eral way,  with  such  minor  alterations  as  may  be  called  for.  The 
principal  Floras  now  in  use  are  arranged  upon  this  general  method. 
It  commences  with  the  Exogenous  class,  with  those  orders  of  it 
whicli  are  generally  provided  with  complete  flowers,  and  which  ex- 
hibit the  floral  organs  in  the  most  normal  condition,  according  to 
our  theory  of  the  blossom  (Chap.  IX^  Sect.  I. -III.),  that  is, 
which  have  most  of  the  several  parts  free  and  separate.  It  pro- 
ceeds to  those  which  arc  characterized  by  the  union  or  consolida- 
tion of  their  floral  organs,  and  then  to  those  which  are  reduced  or 
simplifled  by  the  suppression  or  obliteration  of  parts,  ending  with  the 
Gymnospermous  subclass,  the  flowers  of  which  are  extremely  simpli- 
fied. The  Endogenous  class  succeeds,  with  a  somewhat  analogous 
arrangement,  ending  with  Grasses ;  and  the  classes  of  the  Cry^ 
togamons  series  follow  in  the  order  of  their  rank. 

730.  The  following  cursory  sketch  takes  in  the  principal  orders, 
frc(?ly  omitting,  however,  small  and  obscure  ones,  as  well  as  certain 
well-oharacterized  groups  which  have  no  interest  to  the  ordinary 
student,  and  no  indigenous,  naturalized,  or  commonly  cultivated  rep- 
resentatives in  the  United  States.  Certain  exotic  oixlers  are  also 
omitted  from  the  sj-nopsis  of  the  classes  or  large  divisions,  for  greater 
simplicity,  but  are  briefly  mentioned  in  their  pi-oper  place.  Fuller 
accounts  of  the  natural  orders,  and  of  their  systematic  arrangement, 
structure,  properties,  &c.,  must  be  sought  in  more  extensive  works, 
such  as  Lindley's  Vegetable  Kingdom,  I)e  Candolle's  Prodromvs,  &c. 
As  applied  to  the  botany  of  this  country,  what  is  (essential  is  comprised 
in  the  Manual  of  the  Botaiiy  of  the  Northern  United  States,  by  the 
present  writer,  and  in  similar  Floras.  The  characters  of  the  orders, 
&c.  are  drawn  up  in  ordinary  botanical  language.  For  explanation 
of  the  tedmical  tenns  used,  the  reader  may  consult  the  Glossary  at 
the  end  of  the  volume. 
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Series  I.    Flowering   or  Phjenogamocs  Plants. 

Plants  furnished  with  flowers  (essentiallj  consisting  of  stamens 
and  pistils),  and  producing  proper  seeds. 

Class  I.    Exogenous  or  Dicotyledonous  Plants. 

Stem  consisting  of  a  distinct  bark  and  pith,  which  are  separated 
by  an  interposed  layer  of  woody  fibre  and  vessels,  forming  wood  in 
all  perennial  stems :  increase  in  diameter  effected  by  tlie  annual 
deposition  of  new  layers  between  the  old  wood  and  the  bark,  which 
are  arranged  in  concentric  zones  and  traversed  by  medullary  rays. 
Leaves  commonly  articulated  with  the  stems,  their  veins  branching 
and  reticulated.  Sepals  and  }>etaLs,  when  present,  more  conmionly 
in  fives  or  fours,  and  very  rarely  in  threes.  Embryo  with  two  (or 
rarely  more)  cotyledons. 

Subclass  1.    Angiospermous  Exogenous  Plants. 

Ovules  produced  in  a  closed  ovary,  and  fertilized  by  the  action  of 
pollen  through  the  medium  of  a  stigma.  Embryo  with  a  pair  of  op- 
posite cotyledons.  (For  convenience,  the  very  numerous  orders  of 
this  subclass  are  divided  into  those  with  polypetalous,  monopetalous, 
and  apetalous  flowers.  Tliis  holds  in  a  general  way ;  but  a  good 
many  genera  and  species  of  mainly  polypetalous,  and  some  of  mono- 
petalous orders,  are  apetalous.  The  character  of  the  following  divis- 
ion must  therefore  be  regarded  as  liable  to  exception  in  this  respect 
For  example,  many  of  the  genera  of  the  first  order  have  apetalous 
fk>wers.  —  The  earlier  groups  of  this  division  are  mostly  hypogy- 
nous ;  those  that  succeed,  perigynous  ;  the  last  are  cpigynous.) 

Division  I.    Polypetalous  Exogenous  Plants. 
Calyx  and  corolla  both  present ;  and  the  jxitals  distinct. 

Conspectus  op  the  Orders. 

Grmqf  1.  Ovaries  several  or  numerous  (in  a  few  cases  solitary),  distinct,  when 
in  several  rows  sometimes  cohering  in  a  mass,  but  not  united  into  a  com- 
pound pistiL    Petals  and  stamens  hypogynous.    Seeds  albuminous. 

*  Stamens  or  pistils  (one  or  botli)  numerous  or  indefinite. 
Herbs  without  stipules.  RANUKCULACEiE. 

Shrubs  or  trees.    Corolla  imbricated  in  the  bud.  MAGNOLiACEiK. 

Shmbs  or  trees.    Corolla  valrate  in  the  bud.  Amoxtacsje. 
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*  *  Stamens  few  or  definite,  mosd j  before  the  petals.    Pistils  one  or  few. 
Climbing  plants.    Diaecioas  or  moncecioiu.  Msxisfebxaceje. 

Not  climbing.    Flowers  perfect  Anthers  opening  by  Talres.    Besbbridacex. 

Grwp  2.  Ovaries  scTcrol  and  distinct,  or  peifectljr  united  into  a  compound 
pistil  of  several  cells.  Embryo  enclosed  in  a  sac  at  the  end  of  the  albu- 
men, or,  in  Ncliimbium,  without  albumen.    Aquatic  herbs. 

Carpels  distinct,  immersed  in  a  dilated  top-shaped  torus.  Nelitmbiaceje. 

Car]>cls  united  into  a  several-celled  and  manj-o^Tded  ovary.        Ntxphjeaceje. 
Carpels  distinct  and  free.    Stamens  6-18.  CABOMaicES. 

Group  3.  Ovary  compound,  5-cclled,  with  the  placent4B  in  the  axis.  Sta- 
mens hyimf^^-nous,  indefinite.  Seeds  numerous,  anatropous,  albuminous, 
with  a  small  embryo.  Marsh  herbs,  with  singular  pitcher-shaped  or 
tubular  leaves.  Saebacexiaces. 

Group  4.  Ovary  compound,  with  parietal  placenta.  Petals  and  sepals  2  or  4, 
deciduous.  Stamens  hypog}'nous.  Flower  uns}'mmetricaL  £mbiyo  small, 
in  copious  albumen,  or  coiled  when  there  is  no  albumen. 

Seeds  albuminous  :  embryo  small  or  minute. 

Polyandrous :  flower  regular.    Juice  milky  or  colored.  PAPATEEACEiE. 

Diadclphous  or  hexandrous  :  flower  irregular.  Fusiaeiacee. 
Seeds  Mnthout  albumen  :  styles  and  stigmas  united  into  one. 

Pod  two-ccllcd.    Radicle  folded  on  the  cotyledons.  CRCCiFSEii. 

Pod  onc-ccUcd.    Embryo  rolled  up.  Cappabidacee. 

Seeds  without  albumen  :  styles  or  stigmas  severaL  Resedacee 

Group  5.    Ovary  compound,  with  parietal  placenta*.    Floral  envelopes  mostly 
5-mcrou5 ;   calyx  persistent    Stamens  hypogynous.    Seeds  albuminous- 
Anthers  (5)  adnatc,  introrse,  connate.    Corolla  irregular.  Violacej:. 
Anthers  cxtrorse,  or  innate,  distinct.    Corolla  regular. 

Vernation  circinatc.    Petals  marccsccnt.  Dboseracex. 

Vernation  straight.    Petals  usually  caducous.  Cistace-E. 

Group  6.  Ovary  compound,  with  the  placentaj  parietal,  or  2  -  5-ci»llcd  from 
their  meeting  in  the  axis.  Stamens  hypogj-nous.  Seeds  with  a  straight 
embn-o  and  little  or  no  albumen. 

wf 

Sterile  filaments  or  a  lobed  appendage  before  each  petal.  Park  ass  iaceje. 

Sterile  filaments  none  :  leaves  opposite. 

Stipules  none  :  leaves  dotted.     Stamens  unsjrmmetrical.  Hypericacre- 

Stipules  present :  leaves  dotless.     Stamens  symmetrical.  Elatixacee. 

Group  7.  Ovnrj-  compound,  one-celled  with  a  free  central  placenta,  or  2- 
several-celled  witli  the  ])lacenta  in  the  axis.  Calyx  free  or  nearly  so. 
Stamens  hypogynous  or  perigynous.  Embr^-o  i)eripheric,  coiled  more  or 
less  around  the  outside  of  mealv  albumen. 

m 

Petals  and  stamens  numerous.    Ovarj'  many-celled.   MesembryanthemaceS- 
Petals  3  -  5  or  6,  sometimes  wanting. 

Floral  envelopes  sj-mmetrical.     Stamens  10  or  fewer.       Caryophtllacee. 

Floral  envelopes  unsymmetrical,  or  stamens  many.  Portulacacbe- 
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Gromp  8.  .Qyaxy  oomponnd  and  seycnl-celled,  with  the  placents  in  the  axis ; 
or  die  nnmerons  carpels  more  or  less  coherent  with  each  other  or  with  a 
central  axis.  Calyx  free  from  the  OTiaiy,  with  a  yalvate  sestiyation.  Sta- 
mens mostly  indefinite,  monadclphons,  or  polyadelphous,  inserted  with  the 
petals  into  the  receptacle  or  base  of  the  petals. 

Anthers  1-cclled,  rcniform.    Stamens  monadelphous.  Maltacbjb. 

Anthers  2-ccllcd.    Fertile  stamens  few,  monadelphous.  Btttnbriacsje. 

Anthers  2-cclled.    Stamens  polyandrous  or  polyadelphous.  Tiuacbjc. 

Group  9.  Orary  compound,  with  two  or  more  cells,  and  the  placentso  in  the 
axis,  free  from  the  calyx,  which  is  imbricated  in  aestivation.  Stamens  in« 
definite,  or  twice  as  many  as  the  petals,  usually  monadelphous,  hypogy- 
nous.  —  Trees  or  shrubs. 

Leaves  simple,  not  dotted.    Stamens  indefinite.  Caxblliacbjb. 

Leaves  pellucid-punctate,  mostly  compound.  AuRANTiACEiS. 

Leaves  compound,  dotless.    Stamens  10  or  less,  monadelphous. 

Seeds  single  in  each  cell,  wingless.  Meliacejb. 

Seeds  several  in  each  cell,  winged.  Cebbblagkje. 

Group  10.  Ovary  compound,  or  of  several  carpels  adhering  to  a  central  axis, 
(or  rarely  distinct  in  the  last  two),  free  from  the  cal^'x,  which  is  mostly  im- 
bricated in  estivation.  Stamens  as  many  or  twice  as  many  as  the  petals, 
inserted  on  the  receptacle,  often  monadelphous  at  the  base.  Embiyo  large. 
Albumen  little  or  none.    Flowers  perfect,  except  in  some  Rutacea). 

*  Flower  irregular  and  unsymmetrical.    Albumen  none. 
Stamens  united  over  tlie  pistil.    Ovules  several  in  each  cell.    BALSUfiiTACSJS. 
Stamens  distinct.    Ovules  single  in  each  cell.  TBOPiBOLACKiB. 

*  ♦  Flower  regular  and  mostly  symmctricaL 
Leaves  not  punctate  ^ith  transparent  dots. 

Calyx  valvatc.    Albumen  none :  cotyledons  very  thick.       LiJorANTHACBJB. 
Calyx  imbricated  in  estivation. 
Embryo  condnplicatc :  the  radicle  bent  down  on  the 

convolute  cotyledons.  Gxraniacbjb. 

£mbr}'0  straiglit  or  nearly  so. 

Stamens  (fertile)  5.    I^icaves  simple,  entire.  Livacea. 

Stamens  10.    Leaves  opposite,  compound.  Ztoophtllaceje. 

Stamens  10.    Leaves  alternate,  mostly  compound. 

Ovules  more  than  one  in  each  cell.  Oxalidaceje. 

Ovules  only  one  in  each  cell.  SiXABUBACBiE. 

Leaves  punctate  with  transparent  dots.  Rutacbjb. 

Grofup  11.  Ovary  one,  or  several  and  distinct  or  combined  into  one,  with  one 
or  rarely  two  ovules  in  each  cell.  Calyx  free;  stamens  more  or  less 
perigynous,  as  many  or  twice  as  many  as  the  jKitals.  Embryo  large: 
albumen  none.  Shrubs  or  trees  with  a  resinous  or  viscid-milky  juice,  and 
mostly  polygamous  or  dicecious  flowers.  Leaves  not  punctate.  — In  tem- 
perale  climates  represented  only  by  Axacasdiacu* 
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Ormip  IS>     Ovary  compound,  1  -9-cetIed,  with  one  or  two  ovnlm  erect  fmB 

the  base  of  the  cells.    Calyx  free  or  putly  Bdhetent. 

the  pdtiJit  or  gepala  nnd  opposite  the  former.    Seeds  analropDns,  i 

noua,     Woody  plants,  vith  a  coIotIcbb  juice.     Flowers  regnloi. 

alleniato. 
C&lyx  obscure.    Fclols  ralrato,  caducotu.    Embryo  m 
Calyx  more  conspicuous  thitn  the  petals,  Tilvote.  Rbammm 

Grmp  \3.  Oi'ary  compound,  S-S-ccllcd,  with  only  one  or  two  omlcs  in  taA 
cell.  Stamens  as  many  as  tlio  petals  and  altemale  ni)h  them,  perigynoos. 
Seeds  fumifhcd  with  an  arillns,  albuminous,  wiih  a  large  straight  omlitro. 
Woody  plants,  with  regular  flowers  and  simple  leaves.  —  ItcpTCicniied 
mainly  by  Cslastkacex. 

Gmig>  14.    Ovary  compound  and  2-3.celled,  with  one  or  two  (rarely  3  or  4) 

ovules  in  cadi  cell,  Tree  from  iho  calyx,  whieh  is  imbricated  in  icstiiatioa. 
Flowers  often  irregular,  and  sometimes  unsymmetrical.  Stamens  dctiniie, 
bjpoeynous  or  pcrigjmuus.  Shrubs,  vma,  or  herbs.  Leaves  opposite  at 
alternate,  not  punctata. 
Stamens  distinct,  inserted  on  a  hypogynous  or  peiigynous  disk. 
Embryo  (except  iu  Stapliylca]  variously  curved  or  coiled,  and 

destitute  of  albumen.  Sapiksao 

Stamens  hypogynona,  nithoat  a  disk. 
Slamtns  mostly  ppiiajelpbqua,  1(J. 

Floivcrs  regular.    Embryo  curved;  albumen  ni 
Stamens  moDudelpbons  or  diadelplious,  6  or  8.    Floiver  irregu- 
lar antt  unsymmeiriiMil.    Embryo  straight  in  albumen.         PoltoalaccA 

&DUP  IS.  Ovary  simple  and  solitary,  freo  from  the  calyx;  the  fruit  a  pod- 
Flower  9-merou9,  the  odd  sepal  anterior.  Corolla  papilionaceous,  irregu- 
lar, or  sometimes  regular.  Stamens  monaclelpboue,  diadulphous,  or  A- 
tinct,  mostly  perigynons.    Seeds  deslitato  of  albumeu 

Stamens  hypopynons.  the  anterior  wanting.     Stipules  none.      KnAMBRlACKJi. 

Stamens  mostly  pcrigynous.    Fruit  a  It^ume.  Leol'mimo&x. 

Gr'nnyi  IS.    Ovaries  one  or  sereral,  cither  simple  and  distinct,  or  comluBcd 
imo   a   compound  ovary  with  two  or  more  cells  and  the  placcnls  l| 
the  axis.    Petals  and  the  dittinci  itamons  pcrigynous.     Sceda  declitri  ~ 
albomca. 

*  Calyx  free,  although  often  enclosing  the  ovaries 
latter  are  united,  when  it  is  adnata  to 
mens  are  indcflnile. 


'^^B 
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Leaves  alternate,  stipulate.     Cotyledons  piano.  liCEACKX. 

Leaves  opposite,  not  stipulate,  nor  pellucid-punctate.  CALVt'AirmAcr.x. 

Leaves  opposite,  not  stipulate,  pellneid-pnnctalc.  &[ibt^cej. 

*  *  Calyx  free  from  the  compound  ovary.    Stamens  dcGuile.        Z>TTBitA<» 
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•  •  •  Caljx-tdba  adnntc  lo  tlia  compound  ovarj-.    Sumcna  (Ipfiniic. 
Anlhcn  opcoing  b^  n  porv  ni  i)ic  upcs.  Melastohaceje. 

Anlhns  ojicning  longitndmiLlly. 
Stipules  heiwecn  Ihc  pcCioUs.    Leaves  opposite.  ItuizopiioiiAcs^. 

Stipulw  ntraB.     Caljx  vnlvale. 

Coi7lcdoi»  convolnlc.    Fruil  indehiacmt,  l-ccUcd.  Couuretace*, 

COIjIcdooB  plane.    Prnit  mostly  2-4-ccl1cd.  OniaRACE-B. 

Gnup  IT.    Ovttiy  componnii,  onc^?c!led,  with  psrictftl  pUcentm.    PelJds  «nd 

(with  one  citccpiioii}  atanipns  inserted  on  the  throat  of  the  catyx.    Howen 

pcrftcl,  except  iQ  Papajaccic. 

•  Calyx  adherent  to  the  ovary. 

AlboDMii  none  or  Tcr;  little.    Petals  and  stamcna  indcfioilc.  CACTAcrs, 

AHmmeii  very  copious.    Embryo  minute.    Stamens  5.  Gbobsulackx. 

AlbDmcn  pmcnt.    Embryo  rather  hir};D.     Slamcua  iuilcIinitD.  Ldisackje. 

•  •  Calyx  free  from  the  ovary. 
FVnren  perfect.    Stamens  5. 

Stanienc  di.stinrt  and  pcrigynou«.  TuitKEHACBiE. 

Stamctis  moonclclphoos,  udnnto  lo  the  gynophorc.  Fasbifloraces. 

Flowcn  (liuciona.    Stamens  10,  ou  the  corolla.  I'AfAUCM. 

Qnup  18.  OvHiy  com  pound,  one-scvpnJ-eclled,  iho  placcnliE  parietal  (either' 
truly  or  falecly  so}.  Calyx  adnate.  Corolla  frequently  monopctaloot. 
St&mros  rooBtiy  unileil  cither  by  their  filatncnts  or  antbcn.  FIoiwb 
ditcciom  or  noiKrcions.    AlbumcB  none.    Succulent  or  tender  vines  with 

KDdriJa.  CuCITBnlTAC&S. 

(rr««p  19.  Ovaries  two  or  more,  mnoy-ovnlcd,  distinct,  or  partly,  somelinw* 
conipletcly,  united,  when  tlie  compound  ovary  is  onc-cclled  with  parictol 
pUcento!,  or  S -<  many  .celled  nitit  (lie  placenta  in  Iho  rkis.  Caljx  either 
ftn  fttaa  the  ovaiy  or  more  or  \vss  adherent  to  it.  Petals  and  stamco* 
imtned  on  the  calyx ;  the  latter  mostly  definite.     Seeda  albuminous,  dd- 

FMU  t>(  the  anme  namber  as  the  scpnts.  Cba«ri;lacbjb. 

Pinils  ftivcr  Ibati  the  sepals,  more  or  less  united.  SAxtrBAGACRJC. 

Grtitp  M.  Ovary  compound,  2-  (rarely  3-5)  celled,  with  a  single  ovule  sn«- 
pradcd  from  the  apex  of  curh  cell.  Stamens  usually  ta  many  aa  the  pet- 
al! or  the  lohcE  of  the  adlieieot  calyx.     Embryo  smail,  ia  hard  albumen, 

•  Suuait  of  iIh)  (fifVen  a-lobcd)  ovory  free  from  the  calyx ;  Iho  petals  and  sta- 

mciis  inserted  on  Ibe  throat  of  lliu  calyx.  Kahamelackx. 

*  *  Cilyz-lubo  entirely  adherent  to  the  ovary.  Stamens  and  pelola  eplgynoos, 
Frait  Mparablo  into  two  dry  carpels,  Flowers  lunbcllato.  Uxdellifeba. 
ftiat  drnpaceotis,  usually  of  more  than  two  carpels.  Abaliack*. 
Fniit  a  1-2-cellcd  drupe.    Flowers  cymoM  or  capitate,  Cobsacu. 
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737.  Ord.  KBnnDCDlafeB  {Crmefoot  Famili/).  Herbaceous,  occa- 
rionallj'  climbing  pliuits,  with  an  acrid  wateiy  juice,  and  usually 
palmatulj'  or  tematelj'  lobcd 
or  divided  lenrcs,  irithout 
etipules.  Calyx  of  tlircc  to 
six,  usiialljr  fire,  distinct 
sepals  deciduous  cxcojit  in 
PtEonia  and  Helleborus. 
Petals  five  to  fifteen,  or 
often  none.  Stamens  indefi- 
nite, distinct.  Oi-ariea  nu- 
merous, rarely  few  or  soli- 
tary, distinct,  in  fmit  bfcoming  aclienia  (Fig,  56G,  5G7)  or  folIicl« 
(Fig.  579,  648,  649),  or  in  Actiea  a  berry.  Embryo  minute,  at  the 
base  of  firm  albumen  (Fig.  G50,  CIO) £x.  Riuiunculu;:,  the  Bui* 

tercup  (Fig.  645),  which  baa  regular 
flowers  with  pelab.  Clematis  (Vii- 
gin'a  Bower,  wliich  is  the  tyjie  of  a 
tribe).  Anemone  (Fig.  411),  Uepalica 
(Liver-leaf),  &c  liave  no  petals,  bui 
the  calyx  is  pelaloid.  In  these  the  fioir- 
ers  are  regular.  The  Larkspur  (Fig. 
398)  and  Monkshood  (Fig.  401)  have 
tte  flowers  irregizlar,  and  the  Colum- 
bine (Fig.  GJC)  has  petals  in  the  furn 
of  spurs.  Aclica  (Bancberry)  an^ 
one  Larkspur  haven  solitary  ovary; 
in  the  latter  the  peinU  arc  consoli- 
dated. Zanihorliizrt  (Yellow-ro<rf)  has 
only  five  or  tun  stamens.  —  Tlie  juice 

of  all  Eanunculaceous  plants  is  acrid,  or  even  caustic :  some,  as  i'^" 

Aconite,  arc  virulent  narcotieo-aerid  poisons. 

738.  Ord.  Dilleniaeen,  consisting  chiefly  of  tropical  and  Au.'traliiu' 
shrubs  and  trees,  probably  includes  Cro^posoma  of  Nuttall,  a  singu- 
lar Califomian  genus.  The  order  ranks  between  the  preeeili'^ 
and  Euccccding,  but  is  nearer  the  fonuer,  from  which  it  is  known  by 
its  arillate  seeds. 

Fia.  us.    VntloltwtlonofthafloweToraBattncDp. 

FIG.  GtS.  nown  (od  put  or  *  linf  of  Aqidlegli  Oi 
drtufacd  petal.  GU.  Tbt  tn  nrprli  of  thi  IVuIt.  6 
MCtioo  or  Uu  wad,  ihaitiiii  Elu  mlasi*  mbiTO. 
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.  Ord.  MapioIiatftB  {Maipidia  Family).  Trees  or  shrubs; 
nople  and  eoriacoou-s,  altemnle,  entire  or  lobcd  knves,  usually 
e  with  minute  tr.tnsparent  dots :  Elipulca  membronnceou^  en- 
tng  the  bud,  falling  off  when  flio  leaves  expand.  Flowers  Bo1i> 
l»ry,  large  and  showy.  Calyx  of  three  deciduous  sepals,  eolored  like 
the  petals ;  the  latter  in  two  or  more  series  of  ibree.  Stamens  nu- 
merous, wiili  adnale  nntliers.  Carpels  either  eeveral  in  a  single 
tow,  or  numerous  and  spienle  on  the  prolonged  receptacle ;  in  the 
latter  case  usually  more  or  less  cohering  witli  each  other,  and  form- 
ing a  fruit  like  a  cone  or  strobile.  Seeds  mostly  one  or  two  in  each 
attpd,  sometimes  dnipaceous  and  suspended,  when  the  can'e'a  open, 
by  an  extensile  thread,  composed  of  unrolled  spiral  vessels.  Em- 
btyo  minute,  at  the  base  of  homogeneous  fleshy  albumen.  There 
ire  three  weU-roarked  suborders,  by  many  ranked  as  orders,  viz. :  — 


L  Sabonl.  MainoUeiS  {Magnolia  Family  proper),  characterixed 
ally  as  above,  especially  by  the  stipules  and  the  imbricaled 
£ed  carpel* ;  —  reprcsenlod  by  Mngpolia  and  Liriodendron.     The 
buk,  &c.  is  bitter  and  aromatic,  with  some  acridity. 

741.  Subord.    Wiuteres  {WinUj'a-Bark  Family)  baa  no  stipules, 
Uid  the  carj>eU  occupy  only  .1  single  verticil.     These  have  more 


na.CI.    SIi«nolli>Rlu>M    663.  AlUmon.iDr 
Uia  Hedl  llupiiDlliid  bj  thclc  Ellldl! 
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pungent  and  purer  nromdtie  properties ;  ds  in  Illidum,tlie  Star-Anue, 
llie  seeds  aud  pods  of  which  furnish  the  aromatic  oil  of  this  name. 

742.  Subord.  Schizanilreie  is  monccdous  or  diocciouB,  with  the  pii- 
tils  Bpicate  or  capitate  on  &  prolonged  receptacle;  the  stiunens  oflen 
monadelphous.  Leaves  Bometimes  toothed,  destitute  of  elipules. — 
Ex.  Schizandm.     These  are  mucilaginous,  wilh  little  aroma. 

743.  Ord.  Hoilimia»fC  is  a  small  group,  found  in  the  ^Hitliera 
hemisphere,  with  jmngeut  nromatio  properties,  most  allied  to  the  lost 
order  according  to  Dr.  Hooker  (or  to  Caljcanthacece,  according 
to  Tulasne),  but  chicflj  apetalous,  and  with  opposite  leaves. 

744.  Ord,  ADOnans  {Ouatard-Appb  Familjj).     Trees  or  i 
wilh  altei-nate  entire  leaves,  destitute  of  stipules.     Flowers  1 
hut  dull-colored.     Si'pals  3,     Petals  6,  in  two  rows,  valvate  ij 


ration.  Stamens  numerous,  in  many  rows,  with  eictrorse  anthers. 
CarpeU  few,  or  mostly  numerous  and  closely  packed  together,  wime- 
timca  cohering  and  forming  a  fleshy  or  pulpy  mass  in  the  mature 

na.  eCL  FlowerlnE  bnnrh  oT  Iho  Pspi*  (Asimiu  trllaln)  or  tha  Hlanl  ataa.  aU  Aa 
Ta»|ilvlc,  Tltb  all  but  tbn  pliUli  icmoicd.  dM.  A  iluntn,  DuieBiflml  (IE,.  Via*  (<  lima 
bauMo  p«]i  rrom  Iha  lame  roceptacia  [mDcb  ndu»d  In  (lie)  -,  dus  cut  acnaa,  ■mthar  ltB(lfe 
MtiunrUukrEabODjatcda.    S£a.  SmsUod  of  Iha  ascd,  to  duxr  Ui*  ran 
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finit  Seeds  one  or  more  in  each  carpel,  with  a  hard  and  brittle 
testa:  embryo  minute,  at  the  base  of  hard,  ruminated  albumen. 
The  four  species  of  our  so-called  Papaw  (Asimina)  are  our  only  rep- 
resentatives of  this  cliiefly  tropical  order,  which  furnishes  the  lus- 
cious custard-apples  of  the  East  and  West  Indies,  &c  Aromatic 
properties,  with  some  acridity  in  the  bark,  &c.,  prevail  in  the  order. 
Monodora  yields  the  calabash-nutmeg. 

745.  Ord.  Ijrristieaees  {Nutmeg  Family)^  consisting  of  a  few  tropi- 
cal trees  (which  bear  nutmegs),  differs  from  AnonacesB  in  having 
monoecious  or  dioecious  and  apetalous  flowers,  &c  The  aril  and  the 
albumen  of  the  seeds  are  fine  aromatics.  The  common  nutmeg  is 
the  seed  of  Myristica  moschata  (a  native  of  the  Moluccas)  deprived 
rf  the  testa :  nKice  is  the  aril  of  the  same  species.  The  ruminated 
albumen  is  nearly  peculiar  to  this  family  and  the  Anonaceae. 

746.  Ord.  leaixpennaees  {Moonseed  Family),  .  Climbing  or  twin- 
ing shrubby  plants,  with  alternate  and  simple  palmately-veined  leaves, 
destitute  of  stipules ;  and  small  flowers  in  racemes  or  panicles, 
mostly  dioecious,  the  parts  commonly  in  two  or  more  rows  of  three 
or  four  eaclu  Calyx  of  three  to  twelve  sepals,  in  one  to  three  rows, 
deciduous.  Petals  as  many  as  the  sepals  or  fewer,  small,  or  some- 
times wanting  in  the  pistillate  flowers.  Stamens  as  many  as  the 
petals,  and  opposite  them,  or  two  to  four  times  as  many :  anthers 
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often  four-celled.     Carpels  usually  several,  but  only  one  or  two  of 
them  commonly  fructify,  at  first  straight,  but  during  their  growth 

no.  661^  Stunlnftte  flower  of  Menkpennam  CaiuidenM.  660.  A  •tunen,  wiUi  iCi  fimr- 
bbtd  anttMr.  06L  A  pl»tUlate  floirer  of  the  same.  662.  A  •oUUry  fruit.  663.  Two  drnpee 
«■  flfet  MUM  teoeptade,  cat  acroas ;  one  throngh  the  pulpy  exocarp  onlj,  the  other  through 
Iha  boBj  cndoearp  and  eeed.  664.  A  drupe  divided  Tertically  (the  embryo  here  Is  tUMd  tbi 
wayy.    66&  Tha  laed,  aad,  666,  the  coiled  embryo  detached. 


ILLUSTRATIOSS    OF  1 


't'RAT.   ORDERS. 


often  cnrvod  inio  a  ring ;  in  fruit  becoming  berries  or  dmpes.  See& 
soliiary,  filling  tlie  carity  of  tbe  Ijony  endociirp:  embryo  large, 
curved  or  coiled  in  the  thin  flesliy  albumen. — Menisperraum,  or 
Moonaeed  (Fig.  413,  414,  659  -  666),  Coceulus.  Tbe  roots  are 
bitter  and  tonic  (c.  g.  Colontha  Root  of  tbe  maleriu  medicn)  ;  but  the 
fruit  19  often  narcolic  and  acrid  ;  as,  for  instance,  tbe  very  jK>isonona 
Coccviut  Indieui  of  the  shops,  once  used  for  rendering  malt  liqoon 
more  intoxicating,  and  for  stupefying  fishes. 

747.  Ord,  Bcrbtridaces  (Barberry  Fnmily).  Herbs  or  shnibs, 
with  a  watery  juice ;  the  leaves  allcmnle,  compound  or  ibvided,  usu- 
ally without  stipules.  Flowers  perfect.  Calj-x  of  three  to  nine 
sepals,  imbricated  in  one  to  several  rows,  often  colored.    Petals  as 


many  as  the  sepals  and  in  two  seLs  or  twice  ns  many,  often  i 
pore,  spur,  or  glandular  appendage  at  tbe  base,     Stamens  equal  in 


9r  An  f vjADjed  flowvr- 
MT  opeulfie  by  aplfftrd 
,  67*.  TfTtlci 
il»cg«i,  •hoirtog  Ibo  lorgB  ctnbrro  with  ft 

.    070.  Tho  embryo  lepMita. 
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» the  petals  and  opposite  lliptn,  or  nirclv  more  niintrrauii  i 
iDlbers  rxtitirsr,  tlic  colls  commoiily  opening  by  tin  uplittcU  vnlm 
(Tig.  475,  672).  Carpt-l  solitary,  often  giltbous  or  oblicjue,  r»miin|t 
a  ow-*^!^^!  jind  or  bciTy  in  fruit.  Swela  soniclirncs  witli  nil  nril  i 
nnbrjo  (oncn  minute)  eurrounded  with  a  fleeliy  or  liomy  albumen. 
—  &.  The  B.irberrj-,  Uie  sliiirp  ^pinvs  of  wliidi  iirij  tmn>funnoi1 
karcsi  ilw  Malronias  are  Bnil>errics  with  prnnatcti  lenvcu.  C'iuili>- 
[Aylliim  thnticiroides,  the  Blue  Cohwh,  is  n'murkablo  for  il«  cru- 
nescent  iK-rirarp  (3'^9),  and  tlie  eon.'wqui.-nt  naked  M'f'l*,  wlilcli 
memlilc  drupes  Podophyllum  pcllatum  (the  Mnndnike)  prevent* 
IS  exception  lo  the  onlin.il  eliar&cter,  havin;;  Miniewlitit  iiuinnrodJi 
Maneiu,  with  aiilliirs  which  do  not  opi'n  by  rnlvca  i  IkiI  llio  lulItT 
nomaly  la  abo  found  in  Nandinn.  The  onler  i»  renmrkulilu  fur 
lhi«  valvular  dehifceiiee  of  Die  anihen,  atul  for  the  •itualiun  of  both 
ibe  stomms  and  petaU  opjioaile  the  w^pnU.  Itut  thin  latliT  [irru- 
liuity  is  easily  explained  away  (4fil).  The  fniit  in  innoreril  or 
tU.'  Ic ;  the  root.*,  a  d  aUo  the  kettMge,(<iitiHimca  dnulic  or  ifAmau 
Dus,  as  in  I'mlophyllum. 

lis.  Ord.  IltlBBbilKS  (ythado  FatmJf).  Aijnatie  hfj\m,  (rllh 
hrge  Irjivcs  and  flowen,  cm  ioof  *taILt  nrifing  fruM  n  jirwtnM* 
tnait  or  rhizoma,  which  haf  a  tamrmitU  mUkj  jui<« ;  tbn  Ii>«vm 
ocbiniku-  and  cenlnlhr  pelutf.  CUyx  of  fatr  or  Ite  MfMJi,  tjfiil 
Mas.  PHab  HHMtmng,  hmateA  in  <eTtnl  raw*  nfav  dw  tnM  tft 
Inp:  and  fie»bj'  o 
tlie  lonts  in  Mrrarsl  lowi:  iW  i 

Mie  and  inlnv^ie.  Cbipti*  wvtnl^  MfafMdjr  faanMiMrf  te  h 
tf  Ihe  enlarged  tattoffnA  tmm  or  riiii|<nfc  Ifif,  4t7),  mA  mif 
lAiag  a  Mi^  mmnfom  anlei  ia  Srwk  fiiiwin  ImM,  raiaU  mM. 
Sad  vilboal  tBmmim  :  ■lirjo  «<n7  kvp.  wM  M*  CmIi^  ««f7W 
Jn^aidaU^lrdn'fia^H^a'^— £r.  TW  tW*r  mm4mM  «f 
dvni^  gMMt  3E(lHili^  *«*nna|t  W*  ftrwrn;  mm  n  miAirm 
rfAw.tbe«hgaf  3C«*  Imitot.  Tfcey  wHbtoly  mwi^lriMl 
ftril«k-krpeMdifca^lM»M4«M»«  IViMtaMMlMb 
ItAMdrf  br  n^rifal  Biferaa  a  lafcafcraffe  ami. 

■ftBvraaaT.Mla 
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or  partly  encloees  and  adheres  to  the  pistil ;  the  inner  Eeriea  gradu- 
ally changing  into  stamens.  Stamens  numerous,  in  several  rows, 
inserted  into  the  torus  with  or  above  the  petals  ;  many  of  the  outa 
fllnmcnts  petaloid  (Fig.  SO),  the  adnatc  anthers  introrac.  Fruit  in- 
deliisccnt,  pulpy  when  ripe,  many-celleil,  crowned  with  the  radiate 
stigmas  i  the  anatropous  seeds  covering  tlie  spongy  dissepimcnl& 
Embryo  small,  enclosed  in  a  membranous  bag,  which  is  next  the 
hilum,  and  half  immersed  in  the  mealy  albumen.  Structure  of  ibe 
trunk  appearing  rather  endogenous  tluin  exogenous.  —  £x.  ^yia- 
pluca,  the  AVhito  ^'uter-Lily ;  Nuphar,  the  Yellow  Pond-Lily ;  aj)d 


the  magnificent  Victoria  of  tropical  South  America,  the  rao't  gigan- 
tic and  showy  of  aquatics,  both  as  to  i(s  flowers  anil  its  leaves.  Mu- 
cibginous  plants,  with  slight  astringcncy ;  no  ijnportant  ]iroprrtic.«. 

750.  Ord.  CabombatFlt  {Water-thkld  Family)  is  really  merely  a 
simplified  stale  of  the  last,  with  only  one  .series  of  sepals  and  petals, 

FIG.  677.    Opn  Bower,  vlth  d  flcnm^l 
ajonte)  i  tbe  Irmer  p* bUf  pur^jig  Ltilo  ib 
pmn  cut  inr  tmpt  one  of  ttw  peUloUI 
S>9.  An  Inner  pcU],  iilUi  Uu  ImpftTncC 
■Mtini  itf  u  OTttT. 
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e  stamens,  or  nearly  bo,  with  innatti  anthcre,  and  the  g7nn>ciuia 
of  few  apocaqmus,  free,  and  few-ovuled  pistils  ;  the  ovules  chiefly  on 
the  dorsal  suture.    Brasema  and  Cabomba  are  all  the  genera. 


751.  Ord.  ^mttnitUB:  (WaUr-Pilc/ier  FamUff).  Porennlnl  herbs, 
growing  in  b<^ ;  the  (puqJish  or  yellowish-green)  lefives  all  radical 
and  hollow,  pilchcr^lmpcd  (Fig.  299,  SOO),  or  fnimpet-Hhnped. 
Caljrx  of  five  persistent  BepaL",  with  lliree  small  bracts  at  its  base. 
Corolla  of  five  petals.  Stamens  numerous.  Summit  of  the  com- 
bined styles  Tcry  large  and  pelaloid,  fivc-angled,  covering  the  five- 
celled  ovary,  persistent.  Fruit  five-celled,  five-valved,  with  a  large 
placenta  projecting  from  tlic  n\is  into  the  cells.  Seeds  numerous, 
■Ibuminous,  with  a  email  embryo.  —  Sarraccnia,  from  which  the 
above  character  is  taken,  was  the  only  known  genus  of  the  order, 
BDlil  the  recent  discovery  of  lleli.imphora  in  Guiana,  which  is  ajteta- 
louf,  its  scape  bearing  several  flowers ;  as  does  that  of  a  third  genus, 

ta  (WitfnhiEia) ;  tha  lomr  aourr  wli: 

yn.    683.  A  nucnlflsl  cuptl.    684.  Th* 
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Darlinglonia,  Torr^  recently  discovered  in  Cfllifornia,  with  calyx  and 
corolla  not  very  unlike  tliose  of  Sorracenia,  but  without  tlie  umbrella- 
like  style.  The  species  of  Sarmcenia  are  all  Kostem  Noith  Amer- 
ican.    The  affinities  of  the  group  are  unsettled. 

752.  Ord.  PapBTtraccc  {Poppy  Family).  Herbs  wilh  a  milky  or 
colored  juice,  and  alternate  leaves  without  stipules.  Cnlyx  of  tro 
(rarely  three)  caducous  Ecpnls.  Corolla  of  four  to  six  regularpetak 
Stmncns  eight  to  twcnly-four,  or  Dumerous.  Fruit  one-celled,  with 
two  to  five  or  numerous  parietal  placenta:,  from  which  the  valves 
of^en  sepni-ate  in  dehiiu:encc.  Seeds  numerous,  wilh  a  minute  em- 
brj'o,  and  copious  fleshy  and  oily  albumen.  —  Ex.  The  Poppy  (P»- 
paver),  the  leading  representative  of  this  small  but  important  family, 
is  remarkable  for  the  extension  of  the  placeutie  eo  as  almost  to  (Uvide 


the  cavity  of  the  ovary  into  several  ttll     ind  for  the  dehisoenceof 
the  capsule  by  mere  chinks  or  porcs  under  the  edge  of  the  cro*" 

FIO.  6S8.  SugDlsirli  Cundendii  (Um  BlonlcooO     GS9   The  pod   dli 

■hoi'lDg  tiM  psrietal  •ttubmcut  of  (ha  HeOi  GOO  1.ong  luJIiul  •Ktlon 
wltli  III  Un«  rhapbe,  ihoitlng  the  mlnule  enili  n  n  iir  Ihe  cilremllj 
CSl.  nonr^mtliit  EschieholtiU.  BSL  Tba  ul)  ptnfurm  »  j  i  deUched  C 
PDdof  Umhdw. 
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fonn^  hy  the  mdiote  Etignma.  Sschscholtzio,  now  common  in 
gardens,  is  remarkable  for  tlie  expanded  apex  of  the  peduncle,  and 
for  tUo  union  of  Ihe  two  sepals  into  a  calyplra,  like  n  candle-extin- 
guisher, which,  Eepamling  at  the  base,  is  tliro^vn  olT  bj  the  cxpan- 
Non  of  the  pelaLi.  The  colored  juice  is  narcotic  and  stimulant- 
Thai  of  the  Poppy  yields  Opium.  That  of  the  Celandine  and  of  the 
Bloodroot  (Sanguinaria)  is  acrid. 

752'.  Ord.  FDmariBCCa  {Fumitory  Family).  Smooth  herbs,  vith 
brittle  stems,  and  a  watery  juice,  allemale  dissected  leaves,  and  no 
stipules.  Flowers  irregular,  Cidyx  of  two  sepals.  Corolla  of  four 
petals,  in  pairs ;  the  two  outer,  or  one  of  them,  spurred  or  sac-like 
at  the  base ;  Ihe  two  inner,  callous  and  cohering  at  the  apex,  includ- 
ing the  anthers  and  slignia.  Stamens  six,  in  two  parcels  opposite 
the  outer  petals ;  the  filaments  of  each  set  usually  more  or  less 
united;  ihc  middle  one  bearing  a  two-celled  anther;  the  lateral,  with 
one-celled  anthers.  Fruit  a  one-celled  and  two-valvcd  pod,  or  round 
and  indehisccni.  Seeds  with  fleshy  albumen  and  a  small  embrj'o. — 
Ex.  Fumaria,  Kccntra  (Fig.  3C0  -  374),  Corydidis.  .^ 

A  small  and  unimportant  tribe  of  plant's  chiefly  re- 
markable for  their  singular  irregular  flowers ;  hy     £^S\\i/ 
which,  with    (heir  wulery  jtiice,  they  are  distin-       -""    ■"*■ 
guistied,  and  that  not  very  deHnilely,  from  the  pre- 
ceding family, 

753.  Onl.  Cratiftra  {Miitlard  Family).  Herbs, 
with  a  pungent  or  acrid  walcry  juice,  and  alternate 
leaves  without  stipules ;  the  flowers  in  racemes  or 
corj-mbs,  with  no  bracts  to  the  pedicels.  Calyx  of 
four  sepali,  deciduous.  Corolla  of  four  regular 
petaLi,  with  claws,  their  spreading  limbs  forniing  a 
cross  (Fig.  694).  Stamens  six,  two  of  them  short- 
er (telradgnamom.  Fig.  005,  589).  Fruit  a  pod 
(called  a  tilique  when  much  longer  than  broad,  or  a 
tOi^e  when  thort,  Fig.  703),  which  is  iwo^lled 
by  a  niemlirunous  j)ariition  that  unites  the  two 
marginal  pbcenta;,  from  which  the  two  valves  usually  fall  away. 
Seeds  with  no  albumen :  emlnyo  with  the  cotyledons  folded  on  the 
radicle. — Ej:.  The  Water-Cress,  Rjidish,  Mustard,  Cabbage,  &c. 
A  very  natural  order,  perfectly  distinguished  by  liaving  six  telm- 
cijiiainous  stamens  along  with  four  ]>etaLs  and  four  sejials,  imd  by  the 

no.  flOl  Flnrrof  Mnrtud.    G9S.  Tha  lUmm  ud  plitil. 
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peculiar  pod.  The  peculiarity  of  the  etnmens  is  explained,  >sd 
the  fingulor  symmetry  of  the  flower  iQustrated,  on  p.  243.  All 
these  plnnta  liavc  a  peculiar  volatile  aeridlty  (and  often  an  ethe- 
real oil,  which  abound}  in  sulphur)  dispersed  through  every  put, 
from  vliich  they  derive  their  peculiar  odor  nnd  sharp  taste,  sod 
their  stimulant,  rubefacient,  and  anliscorbulic  properties.  The  roots 
of  some  perennial  specie.*,  such  ns  the  Horseradi:>h,  or  the  seeds  of 
annual  species,  as  the  Mustard,  are  used  as  condiments.  In  sam 
cultivated  plants,  the  acrid  principle  is  dispersed  among  nbundann 
of  Hiccluuinc  and  mucilaginous  matter,  oHbrding  wholesome  food; 
as  the  root  of  the  Turnip  and  Badish,  and  the  leaves  and  stalb 


of  the    Cabbage    and    Caulitlowor,      Kone    are    rcoUy    pobonous 
planL",  although  eouic   ore    veiy   acrid.     Several    species   arc  i" 


no,  (X.  A  Cndferc 
log  tho  (rlnulyDnniDiig  Kb 
the  tbJtm  delacbod.  «ho* 


E  tli«  H»a>  lying  on  the  folso  pu-tiilon ;  Uu  oUier  t 


Itn  ndlc^s  mppllcil  to  thD  cdgs  or  tba  cDtylMoiu  (cotylciloDii  a 
delacbed.  TO).  Tlie  nceme  of  Dnla  Tmu,  la  ttult.  T0£.  A  ci 
dts,  iDBgniatd,  nhlbltlng  the  parieuL  InKrIion  of  the  swdj,  tisi 
■lllcle  of  Stopbtnl'i  Pur»  (CipMlU  Bum  Puloiii).  704  Thi 
ihApnl  T4lT<4  nmoTvdf  pnKDtlflg  m  loDgltudlaol  vitw  of  Ihc  c 
mBgiilflKl  rioM-»ctLoD  of  ODO  of  (be  Brt<la,  ibowlug  Che  embryo  t 
alile  at  tbecoljlHlaD  (cotitolBiu  tiHiini((ii(> 
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cnltivation,  for  their  beautj  or  fragrance  ;  such  ns  the  Wall-flower, 
Stock,  &c. 

754.  Ord.  CapparidaetB  {Caper  Family).  Herbs,  or  in  the  tropics 
often  shrubs  or  trees ;  differing  from  Cruciferm  in  the  one-celled  pod 
(which  is  often  stalked)  being  desilitute  of  any  false  partition ;  in  the 
kidney-shaped  cecils ;  and  in  the  stamens,  which,  when  six,  are 
Bcarccly  letmdynamous,  and  are  often  more  numerous. — Ex.  Cle- 
ome,  Polanisia,  Gynandropsis ;  chiefly  tropical  or  subtropical. 
Uany  have  the  pungency  of  Crucifene,  but  are  more  acrid.  Capert 
are  the  pickled  flower-buds  of  Capparia  epinosa  of  the  Levant,  &c. 
The  roots  and  herbage  or  bark  ore  bitter,  nauseous,  and  sometimes 
poisonous. 


755.  Ord.  BtltdattS  {Mignonette  Family).  Herbs,  with  a  water)' 
jatce,  and  altem.ile  leaves  without  stijiulcs,  except  a  pair  of  glands 
be  so  consideri'd:  the  flowers  in  terminal  racemes,  snuill,  and  often 
fragrant.  —  Cnlyx  persistent,  of  four  to  seven  i^epals,  somewhat 
united  at  the  base.  Corolla  of  two  to  seven  usually  unequal  and 
lacerated  pcliili,  with  bro.id  or  thickened  clflws  (Fig.  377).  A 
ileshy  disk  is  commonly  present,  enlarged  posteriorly  between  the 
petals  and  the  stiunons,  and  bearing  the  latter,  which  \nry  from 
three  to  forty  in  number,  and  are  not  covered  by  the  petals  and 
Kpals  in  flic  buiL  Fruit  a  one-celled  pod,  with  three  to  six  parietal 
ploccnttc,  three  to  six-lobcd  at  the  apex,  where  it  ojiens  along  the 

no.  706.  FlowBT  af  OjiuodTopflK.  TOT,  Floinr  of  Poluilili  gnTHlru  TOS.  VnirllBsA 
■ni;  of  tbi  Buu,  1  ponlan  col  mj  bj  m  ntttul  ud  horlxmUI  bdcUdii,  to  ihov  ths  iln^ 
aril  ud  two  pulctMl  pUwniK    iW.  CiHHectlon  oT  tlu  onry.    710.  GmUdb  of  Ilia  ■Bvd  ud 
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inner  sutures,  usaally  long  before  the  seeds  are  ripe.  Seeds  Berend 
or  many,  cur\'ed  or  kidnej-shaped,  with  no  nlbumen ;  the  embryo 
incurved.  — Er.  The  conunon  representatives  of  this  order  are  the 
Mi^onelte  (Reseda  odonilu),  prized  for  its  fragrant  flowers,  and 
the  "Weld  (K.  Luteola),  which  yields  a  poor  dye. 

75G.  Ord.  FlaeODrliactB,  a  group  of  tropical  shrnbe  and  trees, 
placed  in  this  vicinity,  is  best  linown  l)y  Bixu  OrcUana,  which  yields 
Arnatto,  the  onuige^vd  dried  pulp  of  the  pod,  eurroundlng  tlie 
seeds. 

757.  Ord,  TlolartlE  ( llokl  Family).  Herbs  (in  tropical  countries 
sometimes  slirubby  plants),  witli  mostly  alternate  Eimplc  leave?,  on 
petioles,  furnished  with  stipules ;  and  irregular  flowers  (Fig.  39G, 
307).  Calyx  of  five  persistent  sepals,  often  auricled  at  the  base. 
Corolla  of  five  unequal  petals,  one  of  them  larger  than  the  others 
uud  commonly  bearing  a  spur  or  a  sac  at  the  base :  aestivation  imbri- 


cftlivc.  Stamens  fiie,  with  sliort  and  broad  filaments,  which  nn; 
usually  elonguted  beyond  the  (adnato  introrse)  anthers  ;  two  of 
them  commonly  bearing  a  gland  or  a  sleiidcr  appendage  whieli  a 
concealed  in  the  spur  of  the  corolla:  the  anthers  approaching  each 
other,  or  united  in  n  ring  or  lube.     Style  usually  turned  to  one  side 


FIO.  711.    VtolingltUU.    ; 
uil  KpanWd  lalo  tluea  nive 
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and  Uiickencd  at  the  apex.  Fruit  a  one-celied  capsule,  opening;  I»y 
three  vnlres,  ench  booriuj^  a  piirietal  placenta  on  its  middle.  Seeds 
RCTeml  or  numerous,  anutrapoiis,  witb  a  cnistaceous  inlegument,  and 
a  FtRiiglit  cmbrj'o,  nearly  ihc  lengfli  of  the  flesliy  albumen  (Fig.  604, 
60o).  —  Ex.  The  Violet  is  the  principal  genus  of  this  order ;  mma 
Hpecies,  like  the  Pansy,  are  cultivated  for  the  beauty  of  their  flow- 
era  ;  olhew,  for  their  delicate  fragrance.  The  roots  of  all  are  acrid, 
and  emetic  Thoic  of  f^omc  South  American  species  of  lonidium 
furnish  a  part  of  llie  Tpeeacuanha  of  commerce. 

7i(8.  Ord.  Cixlaers  {Roek-Roie  Family).  Low  sihruliby  plants  or 
herlw,  with  simple  aad  entire  leoTca  (at  least  the  lower  opposite). 
Calyx  of  five  jK.Tsi:*lent  sepiils;  the  three  inner  with  a  convolute 
leAtivation  ;  tlie  two  outer  t^mall  or  sometimes  wanting.  Corolla  of 
five,  or  rarely  three,  n'gtiiar  petals,  convolute  in  testivation  in  the 
direction  contrary  to  that  of  the  scpiibi,  oflcn  cnimpled.  usually  . 
ephemeral,  sometimes  wanting,  at  ]en.4t  a  portion  of  the  flowers. 
LU,  distinct,  with  short  innate  anthers.     Fruit 


ft  one-celled  capsule  with  parietal  plarentm,  or  imperfectly  lliroe  to 
five-celled  by  di;^se[>iments  arising  from  the  middle  of  the  valves 
{dehiscence  therefore  loculicidui),  and  bearing  the  placenta;  at  or  near 
the  axis.     Seeds  few  or  numerous,  mostly  orthotro2>ous,  with  mealy 


no.  TU.    The  Rwk-ItoH,  IltlluUini 
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albumen.  Embiyo  curved,  or  variously  coiled  or  bent  —  Ex,  Cistus, 
Hclianthcmum :  a  small  family ;  the  flowers  often  showy.  No  im- 
portant proi>erties.  Several  exude  a  balsamic  resin,  such  as  Lada" 
num  from  a  Cistus  of  the  Levant. 

759.  Ord.  DroseniffS  {Sundew  Family).  Small  herbs,  growing  in 
swamps,  usually  covertni  with  gland-bearing  hairs ;  with  the  leaves 
rolled  up  from  the  apex  to  the  base  in  vernation  (circinnate)  :  stip- 
ules none,  except  a  fringe  of  hairs  or  bristles  at  the  base  of  the 
petioles.  Calyx  of  five  equal  sepals,  persistent.  Corolla  of  five 
regular  petals,  withering  and  persistent,  convolute  in  a?stivation. 
Stamens  as  many  as  the  ^K'tals  and  alternate  with  them,  or  some- 
times two  or  three  times  as  many,  distinct,  withering ;  anthers  ex- 
trorse.  Styles  three  to  five,  distinct  or  nearly  so,  and  each  two- 
parted  (so  as  to  be  taken  for  ten  styles.  Fig.  510),  and  these  divis- 
ions sometimes  two-lobi.»d  or  many-clefl  at  the  apex.  Fruit  a  one- 
cellcil  ca]>sule,  ojK'ning  loculicidally  by  three  to  ^ve  valves,  with 
three  to  five  parietal  placenta; ;  in  Diona^a  membranaceoiL<«,  burst- 
ing irregularly,  and  with  a  thick  placenta  at  tlie  base.  Seeds  usu- 
ally numerous.  Embryo  small,  at  the  base  of  cartilaginous  or  fleshy 
albumen.  —  Fx.  Drosera,  the  Sundew  ;  and  Dionaia  (Venus's  Fly- 
trap, Fig.  297,  298),  so  remarkable  for  its  sensitive  leaves,  which 
suddenly  close  when  touched.  The  styles  of  the  latter  are  all  united 
into  one. 

7 GO.  Onl.  Parnassiacpo;  y^  for  the  present  made  for  the  genus  Par- 
nassia,  whidi  was  formerly  appended  to  Droseraceaj  (for  no  good 
reason),  and  has  since  boon  ]>laced  by  some  next  to  Ilypericacea?,  hy 
others  n'forrcd  to  Saxifragacea\  It  is  remarkable  for  having  the 
four  or  five  stigmas  situated  directly  over  the  parieUd  placentie  (p. 
294,  note),  and  for  the  curious  appendages  resembling  sterile  sta- 
mens before  each  petal  (Fig.  380,  381). 

7G1.  Ord.  HypcrlcacCffi  (St.  Johnswort  Family).  Shrubs  or  herbs, 
'with  a  resinous  or  limpid  juice,  and  opposite  entire  leaves,  destitute 
of  stipules,  and  punctate  with  pellucid  or  blackish  dots.  Flowers 
regular.  Calyx  of  four  or  five  persist(?nt  sepals,  the  two  exterior 
often  smaller.  l*etals  four  or  five,  convolute  in  a\stivation,  oflcn 
beset  with  black  dots.  Stamens  conunonly  ]>()lyadelphous  and  numer- 
ous. Ovary  onci-celled  with  parietal  placenta*,  or  4~5-celled  (Fig. 
375,  497,  498,  508,  509).  Caj^sule  with  septicidal  dehiscence  (Fig. 
582),  many-seeded.  —  Fx,  Hypericum  (St.  Johnswort)  is  the  type 
of  this  small  fiunily.     Embryo  straight ;    albumen   little  or  none. 
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The  plants  yield  a  resinoua  acrid  juice,  and  a  bitter,  balsamic  ex- 
tractive matter. 


7G3.  Ord.  ElalinactB  (  Walerwort  Family).  Small  annual  weeds 
with  membranaceous  stipules  between  the  opposite  leaves,  and  mi- 
nute axillary  flowers.  SepaU  and  pctab  tlircc  to  five.  Stamens  as 
many  or  twice  as  many  as  the  petals,  distincL  Capsule  2  —  5-celled, 
septicidal  or  scptifragal ;  the  numerous  seeds  attached  to  a  persbt- 
ent  central  axis.  Albumen  rone.  —  £r.  Elatine  is  ihe  lypeofthis 
order,  containing  n  few  insignificunt  weeds. 

70-3.  Ord.  Carfophyllaceie  (Pint  Famihj).  Herbs,  with  opposite 
entire  leaves ;  the  stems  tumid  at  the  nodes.  Flowers  regular. 
Caiyx  of  four  or  five  sepals.  Corolla  of  four  or  five  petals,  or 
sometimes  wanting.  Stamens  as  many,  or  commonly  twice  as  many, 
as  the  pelals,  sometimes  reduced  to  two  or  three.  Styles  two  to 
five,  stigrantoim  down  the  inside.  Ovary  mostly  one-celled,  with  a 
central  or  basilar  placenia,  forming  a  pod  in  fniil.  Embryo  periph- 
eric, cun-ed  or  coiled  around  the  outside  of  mealy  albumen  (Fig. 
620,  C-21,  72C).  —  There  arc  five  principal  suborders,  viz. :  — 

764.  Snbord.  Siltnei  {Pink  Family  pmptr)  J  in  which  the  sepals 
■re  united  into  a  lube,  and  the  petals  (mostly  convolute  in  estiva- 
tion) and  stamens  arc  inserted  on  ihc  stijte  of  the  ovary,  the  former 

with  long  claws  (Fig.  432,  449),  and  tlieru  arc  no  stipules Ki. 

Klenc,  Dianlhus  (Pink,  Carnation). 

7GJ.  Sabord.  Alslaeie  {Chickwetd  FamUt/);  in  whieh  there  are  no 

lU  trinrpeUuT  I^ilU.    132. 
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Stipules,  tliG  ovary  is  Bessile,  the  sepats  and  petals  (inibricAled  i 
sstivBtion)  arc  nearly  or  quite  distinct ;  the  petals  destitute  of  claws ; 
and  the  slamens  ore  inserted  into  the  margin  of  a  email  hypogyDons 
disk,  which,  however,  occasionally  coheres  with  tlie  base  of  the  calyr, 
and  becomes  perigynous.  —  Ex.  Stullaria,  Arenaria,  &c.  (Chick- 
weeds).  Some  are 
ornamental ;  others, 
sui^h  as  tbc  common 
Cbickweed,  are  in- 
Bigiiilicaiil  weeds. 
706.  Subord.    llle- 

fCbrefr  {Knolirort 
Famili/)  ;  dilTtTing 
from  the  lost  main- 
ly in  having  scor 
rioua  Bti|iules  ;  the 
sejHds  often  united 
bi'low  ;  the  petali 
often  wanting  or  ni- 
diuientiiiy ;  (he  Btn- 
mcns  mauileiitly  pe- 
rigynous ;  and  the 
"'  '"■"  "*  fruit,  more  commonly 

a  one-seeded  utricle  — £x.  Puronychia  and  Anychia,  Sjiergula  has 
coiiapicuou-(  petal.-,  and  many-seeded  capsules  ;  and  so  dillcrs  frrai 
Alsinea}  only  in  its  stipuios.     Insigniliennt  weeds. 

767.  Subofd.  Seleranlheffi  {Knatetl  Famili/)  is  like  ihe  last,  only 
there  are  no  stipules.  —  Kr.  Seleranlhus. 

768.  Stibonl.  MollBgiaeffi  {Carpet-weed  Famify)  is  apetnlous  i 
out  stipules,  and  has  the  stamens  alternate  willi  the  ecpals  whea 
the  Game  nunilier  ;  thus  effecting  a  transition  to 

769.  On].  FartulaeBCtlE  {Purslane  Family).  Succulent  or  t 
herbs,  with  entire  exstipuliUe  leaves  and  usually  epUementl  ( 
Calyx  mostly  of  two  or  three  sepals,  sometimes  cohering  wiih  t 
base  of  llie  ovary.  Petals  five,  or  rarely  more  numerous,  ^melimes 
none.  Stamens  variidde  in  number,  but  when  e([ual  to  the  petaU 
situated  opposite  tlicni.     Siyk-s  two  to  eight,  united  below. 

no.  TH.  Uoahrineli  latFrianni.  7Z  A  nugnlJlisI  Onw^r.  iSS.  UipilAiii  i 
Ked,  thowliig  tl»  onbrjo  coUnl  Inu  s  tine  unniul  Uu  ■Ibumso.  nT.  TsMeil 
pintll  of  SpvrgulurlL 
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with  few  or  numcroas  seeds,  attached  to  a  central  basilar  pkcenta, 
often  by  slender  funiculi.  Seed  and  embrj'o  as  in  Caryophyllacetc 
—  Ex,  Portulaca  (Purshine,  Fig.  389,  588)  Chiytonia.  Chiefly 
natives  of  dry  places  in  the  warmer  parts  of  the  world;  except 
Clajionia.  Insipid  or  slightly  bitter :  ^evenil  are  pot-herbs,  as  the 
Purshine.     Some  are  ornamental.     The  farinaceous  root  of  Lewisia 
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rediviva,  a  native  of  the  (\vy  interior  plains  of  Oregon,  is  an  impor- 
tant article  of  food  with  the  natives. 

770.  Ord.  MesembryanthemaeeS  (Fig-Marigold  Family)  consists  of 
succuh'nt  plants,  with  showy  flowers  opening  only  under  bright  sun- 
shine, containing  an  indefinite  number  of  petals  and  stamens,  and  a 
many-celled  and  many-seeded  capsule :  otherwise  much  as  in  Caryo- 
phylhu.'(?a?.  —  Ex.  Mesembryanthemum  (Fig-Marigold,  Ice-plant); 
chiefly  natives  of  the  Cape  of  Good  Ilope,  flourishing  in  the  most 
arid  situations. 

771.  Ord.  MalraCfffi  {Mallmo  Family).  Herbs,  shrubs,  or  rarely 
trees.  I>eaves  alternate,  palmately  veined,  with  stipules.  Flowers 
regular,  often  with  an  invohicel,  forming  a  double  calyx.  Calyx 
mostly  of  five  sepals,  more  or  less  united  at  the  base,  valvate  in 

TIG.  728.  Flower  of  the  rnnlane ;  the  calyx  cut  away  at  the  point  where  it  adhere*  to  the 
o?ary,  and  laid  open.  729.  A  capsule  (pyxL))  of  the  same,  transversely  dehiscent.  730.  Clay- 
tocda  Vlrg^nira  (Spring-Beaaty).  731.  Diagram  of  the  flower.  732.  Young  fruit  and  the  per- 
risteot  two-leared  calyx.  733.  Section  of  the  dehiscing  capsule.  731.  A  seed.  735.  The 
ttBie,  Tertically  dlTided.    736.  The  embryo,  detached. 
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a^tivaLion.  Petals  as  many  na  llii?  sopab,  convolule  in  tcslivalwn, 
1i7|)ogynou8.  Siainens  iiide Unite,  monitdelplioue,  united  wiiU  ibe 
daws  of  the  petals :  uothcra  reniform,  confliienLly  one-celled.  Pollea 
liispiil  (Fig,  483).  Ovary  sevcrai-eidled,  with  tlie  placenltc  in  the 
axis ;  or  ovaries  Bevenil.  Fruit  capsular,  or  Ilie  curjicls  separate 
or  sciKiraltle.  Seeds  with  a  lillle  mudlaginoua  or  fleshy  albiiuicn. 
,  Embryo  large,  with   foli.ictous  cotyledons,  I'ariouily  incurved  i 


folded.  — £b:.  Malva  (Mallow),  Altlma  (Hollyhock),  Gossypini! 
,  (Cotton),  &c. ;  a  mlher  large  and  important  fninily,  the  herbage) 
&c.  commonly  abounding  in  mucilage,  and  entirely  destitute  of  un- 
wholesome qualities.  The  unripe  fniit  of  Abclmoschus  or  Hibiscus 
esculenlus  (Ukm)  is  nsed  in  soups.  Althica  oflicinalis  is  the  Marsh 
Hallow  of  Europe,  the  Guimanve  of  the  French.  The  tenacious 
inner  bark  of  many  species  is  employed  for  cordage.  Cotton  is  the 
hairy  covering  of  the  seeds  of  Goaaypium :  the  long  and  slender 
tubes,  or  attenuated  cells,  collapse  and  twist  as  the  seed  ripejis, 
wliicb  renders  the  substance  capable  of  being  spun.  Collon-seed 
yields  a  good  fixed  oil.  Some  species  are  cultivated  for  omaroenL 
772.  Ord.  BjttnerlBCtS  is  distinguished  from  the  foregoing  by  its 
usually  dcfmite  stamens,  and  the  tw»«elled  anthers  (llie  cells  pai^ 
ullel),  with  smooth  pollen.  —  A  Mcloehia  and  a  Ilermunnia  are 
found  in  Texas.  Tlie  rest  of  the  oi'dcr  is  tropical  or  subtropical. 
C/iocolale  is  made  of  the  roasted  and  comminuted  seeds  of  1 
broma  Cacao  (a  South  American  tree),  mixed  with  sugnr,  i 
vanilla,  and  other  ingredients,  and  pressed  into  cakes.  The  t> 
integuments  of  the  seeds,  also,  are  used  as  a  substitute  for  cofieo. 
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773.  Ofd.  SIcicnliteCBi  t«7  close)}'  allied  to  the  last  two,  and  con- 
sisring  of  tropical  trees,  possesses  the  Bamc  mucitnginoua  properties 
(afl  well  aa  oily  seeds),  witli  ivhich  bitter  nnd  astringent  qualities  are 
oden  combined.  The  seeds  of  Bombax,  the  Silk-cotton  tree,  are 
envelo]>ed  in  a  kind  of  cotton,  which  belongs  to  tlie  endocorp  and 
not  to  the  seed ;  and  the  hairs,  being  perfectly  smooth  and  even,  can* 
not  be  spun.  Canoes  are  made  from  the  trunk  of  the  huge  Bombax 
Ceibft,  in  the  TVcst  Indies.  To  this  order  l>elong3  the  fiunous 
Baobab,  or  Monkey-bread,  of  Senegal  (Adansonin  digitata),  some 
trunks  of  which  are  from  sixty  to  eighty  feet  in  circumference  1 
The  fruit  resembles  a  gourd,  and  senos  for  vessels ;  it  contains  a 
subacid  and  refrigemnt,  somcwlmt  aslringcnt  pulp;  the  mucilagi- 
nous young  leaves  are  also  used  for  food  in  time  of  scorcity ;  the 
dried  leaves  (£ab)  arc  ordiniirily  mixed  nilh  food,  and  the  bark 
furnishes  a  coarse  thread,  which  is  made  into  cordage  or  w«ven  into 
cloth.  Cheirosiemon  platanoides  is  the  remarkable  Ifand-flower 
tree  of  Mexico.  A  plant  of  the  family  (Fremonlia,  Torr,')  nearly 
allied  to  Cheiroatemon  has  been  found  in  California,  by  Fremont. 

774.  Otd.  TililUB  {Linden  Family).  Trees  or  slirubby  plants, 
with  alternate  leaves,  furnished  with  deciduous  stipules,  and  small 


flowers.     Calyx  deciduous.     Petals  sometimes  imbricated  in  srsliva- 
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tion.  Stamen:)  indefinite,  oAcn  in  three  to  five  clusters,  distinct  or 
somewhat  united,  one  of  each  parcel  often  transformed  into  a  peta- 
loid  jtcale  (Fijr.  383,743):  anthers  twoKKlled.  Styles  united  into 
one.  Fruit  two  to  five-celled,  or,  by  obliteration,  one-celletl  when 
riiK».  In  other  resiH'Cts  nwirly  as  in  Malvaceae.  —  Tilia,  the  Linden, 
or  Lime-Ti*«»(%  repn'jurnts  the  order  in  northern  tem^K^nite  regions ; 
the  other  rrencni  are  tropical.  All  are  mucilaginous,  with  a  tough 
fibrous  inner  hark.  From  this  bast  or  bass  of  the  Linden,  the  Rus- 
sian mats,  &c.  ar<i  made,  whence  the  name  of  Basswood.  Gunny- 
bsigs  and  iishing-netsi  nn'.  made  in  India  from  the  biirk  of  Corchorus 
ca|)sularis  ;  the  lihrt*  of  which,  called  Jute,  is  spun  and  woven.  The 
light  wotxl  of  the  Linden  is  excelh?nt  for  wainscoting  and  can*- 
ing:  its  cliarcoal  is  used  for  the  manufacture  of  gunjjowder.  It  is 
said  that  a  little  sugar  may  be  obtained  from  the  sap :  and  the  honey 
made  from  {\w  (nlorous  flowers  is  thought  to  be  the  finest  in  the 
world.  The  acid  b(?rries  of  Grewia  sapida  are  employed  in  the 
Kast  in  the  manufacture  of  sherbet. 

77i),  Onl.  Diptcrocarpcff,  allied  in  some  respects  to  Tiliacea*,  con- 
sists of  a  few  tropical  Indian  trees,  witli  a  resinous  or  balsamic  juii.'C. 
Drjobalanops  aromatica,  a  large  tree  of  Sumatra  and  liorneo,  yields 
in  gn^at  abumlance  camphor  oil  and  solid  canqyhor  :  both  are  found 
deposited  in  cavities  of  the  trunk.  It  is  more  solid  than  common 
camphor,  and  is  not  volatile  at  ordinary  temperatures.  It  boars  a 
high  j)ri('e,  and  is  seltlom  found  in  KurojM*  or  this  country,  but  is 
chiefly  carrifd  to  China  and  Japan.  Sliorea  rubusta  yi<'lds  tbe 
Dammer-pitvh.  Vateria  Indiea  <*xudes  a  kind  of  copal,  tin;  Gum 
Animi  of  commerce  ;  and  a  somewhat  aromatic  fatty  matter,  called 
Pitirt/  Tallow^  is  deriv(*d  from  the  seeds. 

77G.  Ortl.  Gwllifcra?,  or  Clusiareffi,  consists  of  tropical  trees,  with  a 
yellow  resinou<  juice,  opiK^site  and  coiiaceous  entire  leaves,  and 
larjre  flowers  with  manv  stam<'ns,  little  distinction  betwe<*n  the 
sepals  and  petals,  no  styles,  an  indehiseent  fruit,  and  seeds  with  a 
p<*euliar  undivided  lleshy  embrj'o.  It  has  been  {L<sociated  with  Ily- 
pericaciNV,  hut  is  more  related  to  the  ensuing  fiunilies.  The  n*>in- 
ous  juiee  is  acrid  and  drastic ;  that  of  a  (Vylonese  tr(»e  of  the  order 
yitdds  Gatnlxifje,  It  is  i-emarkable  tliat  such  an  oixler  should  i)ro- 
duceone  of  tin*,  mo-t  est(?emed  fruits,  viz.  \\\v  Mtnf^ostcen,  yielded  by 
Gan'inia  ^Iango>tana  of  JMalacca,  and  al>o  tin;  ]Mjmimee-ai»ple,  &c. 

777.  Ortl.  CniUOllinrf  (F  ( CamelUa  or  2\'a  Family).  Trees  or  shrubs 
with  a  watery  juice,  alternate  simple  leaves  without  stijmles,  and 
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large  and  showj  flowers.  Calyx  of  three  to  seven  coriaceous  and 
concave  imbricated  sepals.  Petals  five  or  more,  imbricated  in  sesti- 
vation.  Stamens  hypogynous,  indefinite,  monadelphous  or  polyadel- 
phous at  the  base.  Capsule  dehiscent,  several-celled,  usually  with  a 
central  column.  Seeds  few  in  each  cell,  large,  often  winged,  with 
or  without  albumen.  —  The  Camellia  and  the  closely  related  Tea- 
plant  form  the  type  of  this  family,  to  which  belong  our  Gordonia 
and  Stuartia.  The  leaves  of  Tea  contain  a  peculiar  extractive  mat- 
ter, and  an  ethereal  oil ;  its  moderately  stimulant  properties  are 
said  to  become  narcotic  in  very  hot  climates. 

778.  Ord.  TrrnstnemiaeeS,  chiefly  tropical,  with  which  the  last  has 
been  confounded,  by  its  aspect,  its  commonly  polygamous  flowers, 
and  more  or  less  gamopetalous  corolla,  &c.,  appears  on  the  whole 
to  be  more  allied  to  the  Ebenaceaj  and  Symplocineae. 

779.  Ord.  AnrantiaCffC  (Orange  Family).  Trees  or  shrubs,  with 
alternate  leaves  (compound,  or  with  jointed  petioles),  destitute  of 
stipules,  dotted  with  pellucid  glands  full  of  volatile  oiL  Flowers 
finagrant.  Calyx  short,  urceolate  or  campanulate.  Petals  three  to 
five.  Stamens  inserted  in  a  single  row  upon  a  hypogynous  disk 
(Fig.  434),  often  somewhat  monadelphous  or  polyadelphous.  Style 
cylindrical.  Fruit  a  many-celled  berry,  with  a  leathery  rind,  filled 
with  pulp.  Seeds  without  albumen.  —  Ex.  Citrus,  the  Orange  and 
Lemon.  Nearly  all  natives  of  tropical  Asia ;  now  dispersed  through- 
oat  the  warmer  regions  of  the  world,  and  cultivated  for  their  beauty 
and  fragrance,  and  for  their  grateful  fruit.  The  acid  of  the  Lemon, 
Lime,  &c.  is  the  citric  and  the  malic.  The  rind  alK)unds  in  a  vola- 
tile oil  (.such  as  the  Oil  of  Bergamot  from  the  Lime),  and  an  aro- 
matic^ bitter  principle. 

780.  Ordt  HeliaceSt  Trees  or  shrubs,  with  alternate,  usually  com- 
poond  leaves,  destitute  of  stipules.  Calyx  of  three  to  ^ve  sepals. 
Petals  three  to  fiyQ.  Stamens  twice  as  many  as  the  petals,  mona- 
delphous, inserted  with  the  petals  on  the  outside  of  an  hypog^^nous 
disk ;  the  anthers  included  in  the  tube  of  filaments.  Ovary  several- 
celled,  with  one  or  two  OMiles  in  each  cell :  styles  and  stigmas  united 
into  one.  Fruit  a  drupe,  berr}-,  or  capsule ;  the  cells  one-seeded. 
Seeds  without  albumen,  wingless.  —  Ex.  Melia  Azedarach  (Pride  of 
India),  naturalized,  as  an  ornamental  tree,  in  the  Southern  States. 
An  acrid  and  bitter  principle  pervades  this  tropical  order. 

781.  Old.  Cedltlaees  {Mahogany  Family),  Trees  (tropical  or 
Aostralian),  with  hard  and  durable,  usually  fragrant  and  beautiful 
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wood  !  differing  bolanically  from  Meliacea;  chiefly  by  their  capsular 
fruit,  with  several  wioged  seeds  in  each  cell. — &.  Tlie  MahogoTig 
(Swictenia  Mahagoni)  of  tropical  America,  reaching  to  East  Flor- 
ida. Bark,  &c.  bitter,  astringent,  tonic,  oflen  aromatic  aiid  febrifug&L 
782.  flrd.  LinaMB  {Flax  Family).  Herbs,  with  entire  and  sessile 
leaves,  eillier  allemate,  opposite,  or  verlicillate,  and  no  stipules,  ex- 
cept minute  glands.  Flowers  regular  and  symmetricaL  Calyx  of 
three  or  five  peraislent  sepals,  strongly  imbrienled.  Petals  as  many 
as  tlie  sepals,  convolute  in  testivation.  Slamcns  as  many  as  the 
pctab,  and  usually  with  as  niany  intermediate  teeth  represeutiug  an 
abortive  series  (Fig.  433),  all  united  at  the  base  into  a  ring,  hypogy- 


nouB.  Ovary  with  ns  many  styles  and  cells  as  there  are  sepals, 
each  cell  with  two  suspended  ovules  ;  the  cells  in  the  capsule  each 
more  or  less  divided  inio  two,  by  a  fiUse  par- 
tition which  grows  from  the  buck  (Fig.  750) ; 
the  spurious  cells 
one-seoded.  Em- 
bryo straiglit : 
cotyledons  fiat, 
fleshy  and  oily, 
"°  surrounded  by  a  ""  "* 

thin  albumen. — Ex.  Liniun,  iLe  Flax.  The  lougli  woody  fibre  of 
the  bark  ijlax)  ts  of  the  highest  importance :  the  E«eds  yield  a 
copious  mueiliigc,  and  the  fixed  oil  expressed  from  them  is  applied 
to  various  uses  in  the  arts.  The  general  plan  gf  the  flower  is  the 
some  in  the  succeeding  orders. 
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783.  Ord.  Geruiices  {Crane^U  Family).  Herbs  or  shrubt^ 
plants,  ctmunonlj  strong-scented ;  with  palmatcly  Teined  and  uaiullj 
lobed  leaved,  mostly  with  stipules ;  the  lower  opposite.  Flowers 
reinilar.  —  Calyx  of  five  persistent  sepals,  imbricated  ui  teetivation. 
Petals  five,  with  elaws,  mostly  convolute  in  icstiration.  Stamens  10, 
the  five  exterior  hypogynous,  occasionally  sterile  ;  the  filaments  all 
broad  and  often  united  at  tlio  base  ;  five  glands  within  and  alternate 
with  the  petnis.  Ovary  of  five  two-ovuled  carpels,  attached  to  the 
bofe  of  an  elongated  axis  (gynobau.  Fig.  430,  431)  to  which  tho 
styles  cohere :  in  fruit  the  distinct  one-seeded  carpels  separate  from 
the  axis,  by  the  twistiug  or  curling  back  of  the  persistent  indurated 


Myles  from  the  base  upwards.  Recdi  with  no  albumen  :  cotyledons 
convolute  and  plaited  together,  bent  on  the  short  radicle.  For  the 
l^an  of  the  blossom  see  p.  2C4,  and  Fig.  421.  Our  cultivated 
o  called,  from  the  Cape  of  Good  Hope,  are  species  of 
inium.  The  roots  arc  sini|ily  and  strongly  astringenL  The 
foliage  abounds  with  n»inuus  matter  and  an  ethereal  oil,  on  which 
the  aroma  depends. 

784.  Old.  BlliamlBIItB  (JiaUam  Family).  Annual  herbs,  with 
■occaleDt  stems  filled  with  a  watery  juice.  Leaves  simple,  without 
fttpules.  Flowers  irregular,  and  one  of  the  colored  sepals  spurred 
cr  saccate.      Stamens   five,  cohering  by   an   internal  appendage. 
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Compound  ovaiy  five-celled;  stigmas  sessile.  Capsule  bursting 
elaslically  by  five  valves.  Seeds  several,  witbout  albumen,  and  with 
a  thick  Blxaight  embryo.  —  Ex.  Impaliens,  tbe  Balsam,  or  Toucb- 
me-not.  Kemarkiiblo  for  tbe  clastic  force  wilb  wliicb  the  capsule 
bursts  in  pieces,  and  expels  the  seeds.  Somewhat  differently  irreg- 
ular blossoms  are  presented  by  llie 

785.  Ord,  TropitolBres  (ladian-Crest  or  Sastvrtium  /Wii/y), 
Straggling  or  twining  herb*,  wilb  a  pungent  wal*ry  juice,  and  peltate 
or  palmate  loaves.  Flowers  irregular.  Calyx  of  five  colored  aud 
united  sepals,  the  lower  one  spurred.  Petals  Ave ;  the  two  upper 
arising  from  iho  throat  of  the  calyx,  remote  from  the  three  lower, 
which  arc  stalked.  Stamens  eight,  unequal,  distinct.  Ovary  three- 
lobed,  com|xised  of  three  united  carpels ;  which  separate  from  the 
common  axis  when  ripe,  arc  indchiseent,  and  one-seeded.  Seed 
filling  tbe  cell,  without  albumen :  cotyledons  very  large  and  thick.  — 
Ex,  Tropnjolum,'  the  Garden  Nasturtium,  from  South  America, 
where  there  are  a  few  other  species,  one  of  which  bears  edible  tubcra. 
They  possess  the  same  acrid  principle  and  antiscorbutic  pro(icriies 
as  the  Cruciferse.  TJie  unripe  fruit  of  Tropaeolum  majus  is  pickled, 
01)4  used  as  a  subslitule  for  capers. 

786.  Ord.  LitUnanUiaeeeC  differs  from  the  last  only  in  its  regular  and 
symmetrical  blossoms,  and  iho  erect  instead  of  suspended  seeds ;  tbe 
calyx  vttlvate  in  a;stivation. — Ex.  Limnanthes  of  California  (some- 
times cultivated  as  an  ornamental  annual),  and  Flocrkca  of  the 
Northern  United  Stales. 

787.  Ord.  OialidaCCK  (  Wood-Soml  Family).  Low  herbs,  will  an 
acid  juice,  and  alternate  compound  leaves ;  the  leaflets  usually  ob- 
cordate.  Flowers  regubr,  of  the  saroo  general  structure  as  in  Li- 
nacete,  &c.,  except  the  gynaicium,  which  in  fruit  forms  a  membra- 
nsceous  five-lobed  and  five-celled,  ecveral^eedcd  capsule.  Seed? 
with  a  fleshy  outer  coat,  which  bursts  elastically  when  ripe,  with  a 
large  mid  straight  embryo  in  thin  albumen.  —  Ex.  Osalis,  the 
Wood-Sorrel.  The  herbage  is  sour,  as  the  name  denotes,  and  con- 
tains oxalic  acid.  The  foliage  ia  remarkably  sensitive  In  some  spe- 
cies. The  tubers  of  some  .Souih  American  si>ccies,  filled  with  staivh, 
have  been  substituted  for  polalues, 

7S8.  Ord.  ZygaphyllsCflE  dificrs  from  the  last  in  the  opposite, 
mostly  abruptly  pinnate  leaves,  distinct  stamens  (the  fihuuonts  com- 
monly furnished  with  an  Jnlemal  scale,  Fig,  379),  and  the  styles 
united  into  one.  —  Ex.  Tribulus  and  Kallstrccmia  (introduced  i 
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the  Southern  States)  are  eznlbutniDOuB ;  the  latter  is  IO-coccoob, 
jiut  as  Linum  is,  b;  a  false  partidon.  Guaiacum,  Larrea  (Cret^ 
8ole-plant  of  New  Mexico  and  Texas),  and  the  rest  of  the  family, 
have  a  corneous  albumen.  Tlie  wood  of  Guaiacum  (LiffnOTtuvitte) 
is  ^tremely  hard  and  heavy,  and  yields  a  gum-resinous,  bitter,  and 
acrid  principle  (^Gum  Guaiacum),  well  known  in  medicine. 

789.  Old.  SiminibBecc  {Qwutia  Family),  of  tropical  ehrubs  or 
trees,  resembles  the  last  in  generally  having  a  peculiar  scale  to  the 
filaments.  It  is,  however,  more  nearly  related  to  the  next  order, 
but  its  apocarpous  ovaries  arc  one-ovuled,  and  the  (mostly  cmn- 
pound)  leaves  are  dotlcss.  The  wood,  Sou  is  intensely  bitter:  that 
of  Quassia  amara  is  used  as  a  stomachic  tonic  The  seed  of  Cedron 
(Simaba  Cedron)  la  the  famous  antidote  for  the  bites  of  venomous 
snakes  in  Central  America. 

790.  Ord.  BnleccEB  {Rw  Family).  Herbs,  shrubs,  or  trees ;  the 
leaves  punctate  with  pellucid  dots,  and  wilhout  stipules.  Calyx  of 
four  or  five  sepals.     Petals  four  or  five,  or  rarely  none.     Stamens 


twice  (rarely  three  times)  as  many  as  the  petals,  inscrt- 

A  flonrinf  bnnch  at  ZuilhoTjImn  AuuricuDm  (Uia  Konhcn  PrlctlT  Aih). 
»  of  k  iKf,  ID  ihDir  Uia  ptllnchl  doti.  TSl.  SCuDlaua  floaer.  7GZ.  A  pliUlUt* 
■nMla  tpiwd  open.  T63.  Two  of  tbe  ptiClli  i  one  oT  (hem  dliMHl  mtlaUy  U  ibn 
7S1.  A  bnuh  In  ftnlt.  7S5.  One  oT  thn  dehlKnit  podi.  ud  Um  md.  TSS.  Vni- 
notu  nnitpa  pod  uxl  Mcd ;  ths  lUUr  pmdaot  Iran  >  dac«idin(  [onkuliu,  ibew- 
■r  ^nlvTQ  In  ooplooi  klbumen. 
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ed  on  t!ie  oiitsido  of  a  hypogynoua  dLsk.  0%-aiy  ihree-  to  fire-1obed< 
three-  to  fivc-cc-tkil,  with  the  styles  united,  or  distinct  only  at  the 
base,  or  tlie  ovaries  nearly  separate,  during  ripening  usually  sepD- 
rating  into  its  component  carpels  which  are  dehiscenl  by  one  or 
both  euturei!.  Seed*  few  or  eingli?,  mostly  with  albumen ;  and  n 
curved  embryo.  —  Ex.  Ruta  (the  Itue),  Dirlamnus  (P'roxineUa),  of 
Europe.  Diosma  and  its  allies,  of  the  Cape  of  Good  Hope,  New 
Holland,  &c.,  form  a  group,  or  suborder  (DiosuE^)  from  whieli  the 
Zanthoxixe*  (or  Prickly-Ash  Family)  differs  only  in  being  gen- 
entlly  diixcious ;  but  have  no  elaim  to  be  ranked  aa  a  distinct  order. 
Strong-scented,  bitter-Hvomatic,  often  very  pungent,  from  an  acrid 
rolntilc  oil  (as  Rue  and  Zanthoxylum)  ;  also  bitter.  Some  contain 
a  bitter  tilkiiloid,  and  are  febrifugab  Tlio  most  important  b  the 
Gidipeii,  which  faniislies  the  Angostura  bark, 

701.  OrJ.  AnitranliaMffi  (^Gatbew  Family).  Trees  or  shrubs,  willi 
A  resinous  or  milky,  often  acrid  juice,  which  turns  blackish  in  dry- 
ing! the  leavea  alternate,  witliout  stipules,  and  not  dotted.  Flowers 
small,  often  polygamous  or  dioicious.  Cnlyx  of  three  to  five  sepals, 
united  at  the  base.  Petals,  and  usually  the  stamens,  as  many  as  the 
sepals,  inserted  into  the  base  of  the  cnlyxor  into  na  hypogynous  dLsk. 
Ovary  one-celled,  but  with  three  styles  or  stigmas,  and  a  single  ovule. 
Fruit  a  beny  or  drupe.  Seed  without  albumen.  Embryo  curved 
or  bent- — Ex.  Rhus,  Anaeardium  (ihc  Cashew),  Pistaeia.  Cliicfly 
tropical ;  except  liliiis.  The  acrid  resinous  juice  is  used  in  var- 
nishes ;  but  it  often  contains  a  caustic  poison.  Even  the  cxhnlaiions 
from  Rhus  Toxicodendron  (Poison  Oak,  Poison  Ivy),  and  R.  vene- 
nata (Potion  Sumach,  Poison  Elder),  as  is  well  known,  severely 
affect  many  persons,  producing  n  kind  of  erysipelas.  Their  juice  is 
a  good  indehble  ink  for  marking  linen.  But  the  common  Sumachs 
(R.  typliina  and  R.  glabra)  are  innocuous  ;  their  astringent  bark  is 
used  for  tanning,  and  their  sonr  berries  (which  contain  bimalale  of 
lime)  for  acidulated  drinks.  The  oily  seeds  of  Ptslacia  vera  (llw 
Fistaehio-nut)  are  edible ;  and  the  drupe  of  Mangifera  Indica 
(Mango)  is  one  of  the  most  grateful  of  tropical  fruits.  The  kernel 
of  the  Cashew-nut  (Anaeardium  ot^cidcntale)  is  eatable ;  and  so  is 
the  enlarged  and  fleshy  peduncle  on  which  the  nut  rests :  bat  the 
coats  of  the  lader  arc  filled  with  ft  caustic  oil,  which  blisters  the 
skin  ;  while  from  the  bark  of  the  tree  a  bland  gum  exudes. 

792.  DnI.  B II meraces,  including  a  great  part  of  what  were  formerly 
called  TercbinthneeiE,  consists  of  tropical  trees,  with  a  copious  n 
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ona  juice,  compound  leaves  usually  marked  with  pellucid  dots,  and 
small  flowers  ;  with  valvate  petals,  a  two-  to  fire-celled  ovaiy,  and 
drupaceous  fruit.  Their  balsamic  juice,  which  flows  when  the  trunk 
is  wounded,  usuall7  hardens  into  a  resin.  The  OKbanum,  used  na  a 
fragrant  incense,  the  Balm  of  Gilead,  Balsam  of  Mecca,  Myrrh,  and 
the  BdeUittm,  nre  derived  from  Arabian  species  of  the  order ;  the  East 
Indtnn  Onm  JSlemi,  from  Canarium  commune;  Baltam  of  Aeoueht, 
and  eimilnr  Eubstonces,  from  Torious  American  trees  of  this  fomilj. 
-  793,  Ord.  Amyridncta  consists  of  a  few  West  Indian  plants,  inter- 
mediate as  it  were  between  Burseraceoi  and  Lcguminosfe,  and  dis- 
tinguished from  the  former  cldefly  by  their  simple  and  sohtary  ovaij. 
— Vcr^  probably  this  and  the  two  last  arc  to  be  recombiued. 


7M.  Brd.  Tilatea  (  Vine  Family).     Shrubby  pknts,  climbing  by 
tendrils,  with   simple  or  compound  leaves,   the   upper  alternate. 


IM.  W;.  A  bturfa  of  Um  GniwVlu 
h«,  (Dd  MOog  nC  lofMbn  wltboat  apu> 
Mta ;  tbi  Mh  of  tbt  dlik  ann  altiTniiU 
>■  II  HI  J  md  tlw  teMotOi*  Bsmr: 
bMlic  tb»  duMD,  (,  dlncUr  beftm  It 
ikani^.  TTl  Awd.  TTl.  Bxclloii  oT 
ttoBnann,  U  Uh  buo  of  wbkh  )•  (bo  ml 


lU  wllh  Uh  ituDtni.    T70.  TcrUnI  HctioB  Ihr 
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Flowers  small,  often  polygamous  or  ditrcioiis.  Calyx  very  smiil^ 
flUeU  wilh  a  diwk  ;  its  limb  short  or  obeolelc.  Petals  4  or  5,  valvule 
in  astivution,  sometimes  cohering  by  their  tips,  and  cailucou&  Sla- 
mens  ns  many  as  the  petals  and  opposite  them  1  Ovary  twoKwUed, 
with  two  erett  ovules  in  each  cell.  Fruit  a  l>erry.  Seeds  with  a 
bony  tesia,  and  a  small  embryo  in  hai-d  albumen. — JSj:.  Vitb  (the 
Vine),  Ampelopsis  (the  Virginia  Creeper).  Tlio  fruit  of  the  Vino 
is  the  only  important  product  of  the  order.  The  acid  of  tlic  gntpe, 
which  also  pervades  the  young  shoots  and  leaves,  is  chiefly  the  tar- 
taric Grape-sugar  is  very  distinct  from  cnne^ugar,  and  the  twly 
kind  that  can  long  exist  in  connection  with  acids. 

795.  Ord.  RhBinnaces  {Buekthoni  Familj/).  Shrubs  or  trees,  often 
wilh  spinose  branches ;  tho  leaves  mostly  alternate,  eimple.  Flowers 
small.  Calyx  of  four  or  five  sepals,  united  at  the  base,  valvale  in 
seelivation.  Petals  four  or  five,  cucullate  or  convolute,  uiserted  on 
the  throat  of  the  calyx,  sometimes  wanting.  Stamens  as  many  as 
the  petals,  inserted  with  and  opposite  ihcm  I  Ovary  sometimes 
coherent  with  tlie  lube  of  the  calyx,  and  mora  or  leas  immersed  in  a 
fleshy  disk,  with  a  single  erect  ovule  in  each  cell  (Fig.  435,  436). 
Seeds  not  arilleiL  Embryo  straight,  large^  in  sparing  albumen.  — 
Ejc.  KhamnuB  (Buckthorn)  is  the  tj^w  of  the  onler.  The  berries 
of  most  species  are  somewhat  nauseous  j  but  those  of  ZiKvplms  are 
edible.  Jujube  paite  is  prepared  from  those  of  Z.  Jujubii  an'l  Z. 
vulgaris  of  Asia.  S^iip  of  Backlhom  and  the  pigment  called  Sap- 
green  are  prepared  from  the  fruit  of  Rhamnus  cathorticus.  The 
herbage  and  bark  in  this  order  are  more  or  less  astringent  and 
bitter.  An  infusion  of  the  leaves  of  C-eanolhus  Aniericanus  (ihence 
called  New  Jei'scy  Tea)  lias  been  used  as  o.  substitute  for  tea,  and  a 
very  poor  one  it  is. 

796.  Ord,  CelBSlrattS  (Spin^e-tree  Familt/).  Shrubs  or  trees, 
with  alternate  or  opposite  simple  leaves.  Calyx  of  four  or  live 
sepals,  imbricated  in  aestivation.  Petals  as  many  aa  the  sei>als,  in- 
serted under  the  flat  expanded  disk  which  closely  surrounds  the 
ovary,  imbricated  in  lestivatiun.  Stimicns  as  mimy  as  the  petals, 
and  alternate  wilh  them,  inserted  on  the  margin  or  upper  surfHcc 
of  tho  disk.  Ovary  free  from  the  calyx.  Fruit  a  capsule  or  beny, 
with  one  or  few  seeds  in  each  cell.  Seeds  usually  arilled,  altiumi- 
nous,  with  a  large  and  straight  embryo.  —  £^.  Celastrus,  Kuon^'mus 
(Duruing  Bush,  Spindle-tree,  Strawberry-tree)  ;  all  Mmewhnl  bitter 
and  acrid ;  but  of  lillle  economical  importance.     Tlie  red  o 
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son  cnpsulea  nnd  briglit  gcarlct  arils  of  eereral  species  present  a 
striking  api)earance  when  tlie  fruit  is  ripe. 

797.  Ord.  KalpighiHCes  is  n  largo  tropical  family  (with  nne  or  two 
rcpresentativea  in  Tfxas),  of  trees,  elirubs,  and  twining  plants,  with 
opposite  entire  leuvea,  unguiculnle  petals,  and  solitary  Eeeds  witli  a 
cnrvei]  embryo ;  differing  from  iLe  next  in  the  want  of  a  disk,  the 

o  pymraeirical  flowers,  &c. 
1798.  Ord,  SopiDilaceiE  (Soapberry  Family).  Trees,  fihrnba,  or  climb- 
■  with  tendrils,  rarely  herbs,  with  simple  or  compound  leaves,  and 
9tly  unsynunctrical  or  irregular  flowers ;  the  sepals  and  petals 
liricaled  in  ie?:livation.  Stamens  5  to  10,  inserted  on  a  flesh}' 
pigynons  or  hypogynous  disk.     Ovary  2-3-cellod,  2-3-lobed,  willi 

0  (in  Stapbylea  several)  ovuleS  in  each  cell ;  the  embryo- 

1  Slaphylea)  curved  or  convolute  and  without  albumen.^ 
tdudcs  a  variety  of  forms,  the  greater  part  of  which  may  be  rar 

r  the  following  suborders,  which  have  been  taken  for  ordei^. 


^9.  taiwrd.  SlapllTlcanit  {Blaiidemut  Family)  has  opposite  com- 
s  wiih  stipules  and  stipel.s  regular  and  j>eriect  penlan- 
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drous  flowers,  ihrpc  partly  nnitoil  pisfila  wiOi  Beyeral  ovult^  in 
and  large  bony  Bccib,  wtlh  a  straight  embryo  in  scanty  albuinui 
Ex.  Slaphytea. 

800,  Sobord.  Snpindcs  {Soapbeny  Famili/ proper)  has  iiitenmte,a 
in  the  Ilorst-rlieslnut  tribe  op|iosile  leuyes,  without  eiipules,  more  or 
less  nnsymmelriwil  or  iri'egular  anil  polygamous  flowers,  exalbu- 
minouB  seedi,  and  a  rurved  embryo  with  thickened  cotyledons. — 
Mostly  tropieal,  except  the  Horseelieslnut  nnd  Buckeyes  (JEsculus), 
which  have  been  deemed  a  separate  family  (Ifippocaatanea).  Their 
very  liirge  and  flesby  embryo  baa  the  cotylwlona  more  or  less  eon- 
Bolidated  (Fig.  629,  T.SO).  The  seeds  of  the  Hot^ecbcstnut  *re  nu- 
tritious, but  contain  an  intensely  bitter  principle  wliieli  ia  mure  or 
less  noxious.  Tliose  of  J£..  Pavia  are  used  to  slni>efy  fislu  The 
root,  according  to  Klliott,  is  employed  as  a  substitute  for  Eoaji.  The 
jhiit  of  SapinduH  is  used  for  tbe  same  purpose,  whence  tlic  Dame  of 
Soapberry. 


801.  Subord.  ArerintlE  {Maple  Famiis)  l>as  opposite  (simpWfl 
compoimd)  leaves  without  stipuleia,  a  2-lobed  and  2-winged  I 


«0.  T81.    A  bnnch  of  A«r  d«jc«iiom  (lb.  White  S 

«ftH.ph)»Itt.« 

B2.  A  fepw-M-,  onlirjcd,  lUn^Dle  flowtr.    763.  Bmnc 

fjMBitB  ferHU.  fluKcf-    796.  The  nme,  *ul«rgfd,  itllh  Ih 
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Ibnnin;^  iwo  smnarasi,  and  nn  cmbiyo  with  long  and  thin,  rarioUGl^ 
curved  or  coilfd  c-oiyledons  (Fig.  103-105);  otherwise  nearly  «a 
in  tiie  true  Siipindaci'ifi.  —  Ex.  Acer,  the  Maple ;  useful  timbor-trwa 
of  Donliem  lempcralc  regions.  Sugar  is  yielded  by  the  vernal  eap 
of  A<*r  (uipehariniim.  and  in  less  quantity  by  all  Ibe  epeeic?. 

aOi.  On).  rolTplatCE.  Herbs  or  shrubby  plants,  with  simple 
entire  leaver  destitute  of  stipules.  Flowers  perfect,  unsymmetrieal, 
and  irregular,  somewhat  papilionaceous  in  apjicamnce,  but  of  wide- 
ly dificrcDt  structure.  Calyx  of  five  irregular  sepals  ;  the  odd  one 
(opcrior,  the  two  inner  (wings)  larger,  nnd  usually  petaloid.  Petals 
osually  three,  inserted  on  the  receptacle,  more  or  less  united ;  the 
anterior  (hetl)  larger  than  the  rest.  Stamens  eix  lo  eight,  combined 
in  %  tube,  which  is  split  on  the  upper  side,  and  united  bvluw  with 
llic  cUw»  of  the  peinls  :  anthers  innate,  mostly  one-celled,  opening 
by  ft  pore  at  the  apex.  Ov.iry  compound,  iwo-celled,  with  a  single 
HDpendcd   ovule   in   each   cell :   style   cu^^'ed   oud   otlen   hooded. 


Cqeiilc  flattened.  Seeds  usually  with  a  eanmcle.  Embryo  stmight, 
Urgp,  tn  fleshy,  thin  albumen,  —  Ex.  Polygidn  is  the  principal  genus 
of  tlte  pnier.     The  plants  yield  a  bitter  principle  with  some  acrid 

na.VS.  PolrpU  pudtbllL  TDn.  A fliinr. fm]>r^.  TBI.  The  ntji  dligiliytd.  TH 
Sa  onllit  (Oil  xiatbal  tuba  kill  opm.  733  Tb*  pliUlud  Ihn  rm  t>anIniia(Uia  iubmu, 
MTirttLwlHikiBaltluoni;.    TVS.  Vvtiol  hcUdd  of  Ux *b»1,  diowlag  Uw  lup  witiiTO 
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extractive  matter.  Foljgala  Senega  (Seneca  Snakeroot)  U  the 
most  important  medicinal  plaitt  of  tlie  family.  Other  Bpecies  aie 
employed  medicinally  in  Brazil,  Peru,  Kepaul,  &c. ;  where,  like 
our  oirn,  they  are  reputed  antidotea  to  the  bites  of  ven<Hnoas 
reptiles. 

603.  Ord.  KnuneriaeeB  (Rhalang  Family)  consists  of  the  genus 
Kramcria  only,  which  has  ordinarily  been  annexed  to  the  Polyga- 
lacete  ;  but  the  position  of  the  ports  of  the  flower  is  more  like  that 
of  the  Lcguminosfe,  having  the  odd  sepal  inferior,  a  simple  unilocn* 
Isr  pistil,  and  an  exalbuminous  seed.  In  fact  it  is  technically  distia- 
guishable  from  the  latter  chiefly  by  the  hypogynous  stamens  and  the 
want  of  stipules.  The  roots  contiun  a  red  coloring  matter,  and  are 
astringent  without  hillemess.  Bhatany-root,  used  to  adulterate  port- 
wine,  and  as  an  ingredient  in  tooth-powders,  &c^  is  the  produce  of 
K.  triandra  of  Peru.  That  of  our  own  Southern  species  j 
the  same  properties. 


804.  Ord.  Legnminoss  (PuUe  Famili/).     Herbs,  shrubs,  or  trees, 
with  alternate  and  usually  compound  leaves,  furnished  with  stipules. 
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roantly  of  five  sepals,  more  or  less  unitt'tl ;  tlio  oilil  sepal  in- 
ferior  (Fig.  358).  Corolla  of  five  petals,  either  pnpiliunacemia  or 
rcguW.  Stamens  perigj-nous,  or  Rouietiuios  Iiypogjnoua.  Ovary 
nngle  and  simple.  Fruit  a  legume,  viuidub  fanrn  of  wliioh  are 
sliowo  in  Fig.  580,  581 .  800  -  807.  Secils  destilule  of  utbumen,  or 
wUi  a  mere  vesiige  of  it. — This  immense  family  is  divided  inio 
three   principal  suborders;  viz.: — ' 


805.  Snbord.  FapilionattEE  (Puhe  Family  proper), -wiuch  is  charac- 
terizetl  by  the  pnpilioniiceous  corolla,  —  the  vexillum  always  exter- 
nal in  activation  (471,  Fig.  392),— ten  diadeipliou*  (Fig.  461), 
monadelplious  (Fig.  462),  or  rarely  distinct,  perigynaus  stamens, 
•od  ihc  radicle  bent  on  the  large  cotyledons.  Leaves  (rarely  sim- 
ple)  only  once  compound  ;  the  leaflets  very  rarely  toothed  or  lohed. 

806.  Snbord.  CECSBlpiDtD!  (to  which  Casda,  Cerds,  and  the  Iloncy- 
Locost  ticlong) :  here  ihe  corolla  gradually  lose^  ita  papilionaceous 
chantctcr,  :uid  always  has  the  vexillum,  or  euperior  petal,  covered 
bjf  ihc  lateral  ones  in  irstivation ;  the  stamens  ai-e  distinct,  and  the 
tmbryo  siraight.     The  leaves  are  often  hipinnale. 

807.  Sobordi  HiinOKEC  (a  large  group,  to  wliich  the  Acacia  and  the 
Sensitive  PUnt  belong)  has  a  jierfectly  regular  calyx  and  corolla, 
tbe  latter  mostly  valvale  in  [estivation  and  hj-pogynous,  bs  well  as 
dw  stamens  wliicli  are  sometimes  definite,  but  often  very  numerous ; 
■sd  the  cmbrj'O  is  straight.     The  leaves  arc  frequently  tripinnaie. 

ne.  BOO.  Opoi  ItguiM  at  ttu  Pa,  SOI.  LooiEBt  ef  DHinodliun.  801  Lamtnl  at  iH- 
Wtm:  ^,  DaaaT  11*  tUklHAtJolata  which  bu  Fhllaa  awn;  titna  tbe  jvnUtlnff  bonier cr  fnnw 
IhjTiM).  Iiiii  III  rni  sot.  Tha  >ilat«l  indsbimint  Icgome  of  Bophcm.  fOG.  t 
iMn^lm.  cut  acTtaa  nu-  Ow  nuuinll.  (aihew  how  ll  bieama  put]/  DmUicI/  iwiHsUnl 
IrltelBDVIIi'uaaaf  tbadnml  nlurc  MS.  SimUuTlini  or  ft  kcuoaor 
rwliil  iBlan  U  nmtwial  laliDfliud.  £07.  A  leeiuna  of  ibOlato  aeuUl 
hHtacMuWBfun. 

35" 
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808,  PapilionaceEc  are  found  in  every  part  of  llic  world :  Oxgf 
pinets  and  Mimosem  are  confined  to  the  tropical  and  witrow^r  tera- 
peral«  regions.  —  A  fuU  account  of  the  u^ful  phints  and  products 
of  this  largo  order  would  require  a  separate  volume.  Many,  soch 
as  Clover,  Lucerne  (Mediwigo  sativa),  &c^  are  extensively  culti- 
vated for  fodder ;  Peaa  and  Beanit,  for  pulse.  The  roots  of  the 
Licorice  (Glycirrliiza  glabra  of  SoulLcni  Europe)  altound  in  a 
Bwcet  mucilaginous  juice^  from  which  the  p'clond  exlract  of  this 
name  is  prepared.  The  sweet  pulp  of  tLe  pods  of  Ceralonia  Siljqua 
(Carob-lree  of  the  Soutli  of  Europe,  &c,),  like  that  of  (lie  Ilunrj- 
Locust  (Gleditflchia),  &c^  13  edible.  The  laxaltvo  pulp  of  CalJar- 
loesrpua  Fistula,  and  of  the  Tamarind,  is  well  known ;  the  IiiHer  is 
acidulated  witii  malic,  and  a  lilllo  larturic  and  eilric  acid, — A  pecu- 
liar volatile  principle  (called  Coumarin)  gives  ita  vmiilla-Iike  fra- 
grance to  the  well-known  Tonl-a-leaii,  and  to  tlie  Melilolus,  or  Sweet 
Clover.  The  flowers  and  seeds  of  the  latter  and  of  TrigoneHa 
cierulen  give  the  peculiar  odor  to  Scheipseiger  ehect;e. — A^tringenU 
and  tonics  arc  also  yielded  by  this  order :  such  as  the  African  Ptcro- 
carpu3  erinaceus,  the  hardened  red  juice  of  which  is  Gum  Kino ; 
that  of  P.  Draco,  of  Carlliagena,  &c.,  is  Dragon's  Blood.  The  Writ 
of  most  Acacias  and  Mimosas  contains  a  very  large  quantity  of  tan- 
nin, aod  is  likely  to  prove  of  great  importance  in  tanning.  The 
valuable  astringent  called  Catechu  ig  obtained  by  boiling  and  evap- 
orating the  heart-wood  of  the  Indian  Acacia  Catechu.  —  Lcgumi- 
nosx  yield  the  most  important  coloring  matters :  such  as  tlic  Bmsil- 
wood,  the  Logwood  of  Campcachy  (the  peculiar  coloring  principle 
of  which  is  called  Bixmatin),  and  the  Jied  Sandat-wood  of  Ceylon. 
Tndigo  is  prepared  from  the  fermented  juice  of  ihe  Indigofera  lino- 
toria  (a  native  of  India),  and  other  species  of  the  genus.  Thij 
substance  is  highly  a^olized,  nnd  is  a  violent  jtoison.  —  To  the  same 
order  we  are  indebted  for  valuable  resins  nnd  bali^ms :  such  as  the 
Mexican  Copal,  Salsam  of  Copmva  of  the  "West  Indies,  Para,  and 
Brazil,  ihc  bitter  and  fragrant  Baham  of  Peru,  and  the  swcei,  fra- 
grant, nnd  stimulant  Balsam  of  Tolu.  —  It  also  furnishes  the  most 
useful  gums ;  of  which  we  need  only  mention  Gum  TVagacanth, 
derived  from  Astragalus  verus  of  Persia,  &c.;  and  Gum  Arabie, 
the  produce  of  certain  African  species  of  Acacia.  Tlie  best  it 
«ttid  to  be  obtained  from  Acacia  vera,  while  Gum  tSenrgat  is  j-iclded 
by  A.  Verek,  and  some  other  species.  Algarobia  dulcis.  the  Mes- 
quite  of  Texas  and  Mexico,  yields  a  simUar  gum.     The  &fuM4^_ 
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isiata  of  Ihe  leaves  of  Feveral  gpcdes  of  Cassia,  of 
Egypt  utxl  Arabiu.  C.  MitrilnntlicA  of  this  country  is  a  Biiccedane- 
um  for  ihe  oliiciaal  article,  —  More  acrid,  or  even  poisonous  prop- 
erties, are  oflen  mH  willt  in  llio  onler.  The  roots  of  Baptiua 
tinctorin  (called  Wild  Indigo,  because  it  is  said  to  yield  a  liitle  of 
that  snbslance),  of  the  Broom,  and  of  tlie  Dj'ers'  AVei'd  (Genisttt 
dnctoria,  u»<ed  for  dydng  yellow),  possess  such  qiiuUiies  ;  wliilc  the 
weds  of  Laburnum,  itc.  are  even  niircotieo-acrid  poisons.  The 
branches  and  leaves  of  Teplirosia,  and  the  bark  of  the  root  of 
Piscidia  Erythrina  (Jumnicii  Dogwooil,  which  ts  ulsafound  iu  South- 
em  Florida),  are  commonly  used  in  the  West  Indies  for  Btupofying 
Csh.  Cowileh  is  tlie  stinging  hiura  of  the  poda  of  species  of  Mu- 
cmm.  —  Among  tlie  numerous  valuable  timber-trees,  our  own  Locust 
(Bobinia  Pscudacaeia)  must  be  tiienlioued  ;  and  nL^o  iho  RosCwood 
of  commerce,  the  produce  of  some  Brazilian  Cic^alpinicn.  Fovr 
orders  furnii^h  so  many  plants  cultivated  for  ornament. 

800.  Ord.  Rduccic  [Rote  Famihj).  Trees,  shrubs,  or  herbs,  with 
■Uentalc  leaves,  usually  furnished  witli  Btipules.  Flowers  regular. 
—  Calyx  of  five  (rarely  three  or  four)  more  or  less  united  sepals, 
tod  9ll«n  with  as  many  bracts.  Petals  as  many  as  tlio  sepals 
(riidy  none),  mostly  imbricaled  in  aestivation,  perigj-nous.  Sla- 
ntns  indefinite,  or  somulimes  few,  distiocl.  Ovaries  with  solitairy 
Cr  few  ovules :  styles  often  lateral.  Albumen  none.  Embryo 
itraight,  willi  broad  and  flat  or  plnno-eonvex  cotyledons  (Fig.  108— 
111). — This  im[>nrtfliit  order  is  divided  into  four  suborders;  vis!.:  — 

810.  SobDni.  ChrysobBlanen  {Cocmt-pUmt  Family).  This  is  now 
gntemlly  taken  as  an  independent  order,  inlcrmedialc  between 
Iiegoniiiiosai  and  Ilosacea;.  Ovary  solitary,  free  from  the  calyx,  or 
dM  cohering  with  it  at  llic  base  on  one  side  onl}',  containing  two 
<TCCt  ovules :  style  arising  from  the  apparent  base.  Fruit  a  drupe. 
IVeee  or  shrubs,  —  Ex.  Chrysobolanus ;  some  species  of  which  pro- 
doee  an  edible  fruit. 

811.  Sobatd.  Amygdalca  (Almond  or  Plum  Family).  Ovary  soli- 
luj,  free  fVom  the  deciduous  calyx,  with  two  suspended  ovule^  and 
tlcnmnn!  style.  Fruit  a  dm {ic  (Fig.  SC2).  Trees  or  shrubs. — 
Bt.  Aniygdalus  (ilie  Almond,  Peach),  Frunus  (the  Plum),  kc. 

812.  Snbord.  BOttUS  proper.  Ovaries  several,  numerous,  or  rarely 
nlilsry,  free  from  the  cidyx  (which  is  oflen  bractcolate,  as  if 
4aulde),but  sometimes  encktsedin  its  persistent  tube,  in  fruit  becom- 
ing either  follicles  or  achenia.     Styles  terminal  or  hitcraL     Herbs  or 
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shrubs The  lliree  tribes  of  this  Buborder  arc :  —  Tribe  1.  Spib**^ 

where  the  fruit  is  &  follicle.  Ex,  Spinea  and  Gilleniiu  Tribu  3, 
Drtade^,  where  the  fruits  arc  acheniii,  or  EomctimeB  little  drupes, 
and  when  numerous  crowded  on  an  enlai^ed  torus  (Fig-  558,  550, 
564,  565).  J-lc.  Drj-as,  Agrimonia,  Polenlilla,  Frngaria  (Slmwbcr- 
ry),  Rubua  (Raspberry  and  Blaikberry).  Tribe  3.  Rose:^,  where 
□umeroiis  aelionia  cover  the  liollow  toraa  which  lines  the  um-shnped 
calyx4ube  ;  and  ihe  latter,  being  eonlracled  at  the  mouth,  and  be- 
coming ilcshy  or  berry-like,  forms  a  kind  of  false  pericarp  ;  as  in  Uic 
Hose  (Fig.  420,  808). 

813.  Sobord.  Pomes  (Penr  FamUff).  Ovaries  two  to  fire,  or  rare- 
ly solitary,  cgbering  with  i-iich  oilier  and  with  the  thickened  and 
fleshy  or  pulpy  calj'x-tube ;  each  with  one  or  two  (in  the  Quince 
se'i'eral)  ascending  seeds.  Trees  or  slinibs.  —  JUr,  Crataegus  (the 
Thorn),  Cydonia  (the  Quince),  Pyrus  (the  Apple,  Pear,  &&). 


814.  Tliis  important  order  is  diffused  through  almost  crery  pan 
of  the  worlds  hut  chiefly  abounds  in  temperate  climates,  where  it 
furnishes  (he  ma^t  important  fruits.  It  is  destitute  of  unwholesome 
qualities,  with  one  or  two  esceptioTiB,  viz. :  —  Tlie  bark,  leaves,  and 
kernel  of  AmygdaleiE  contain  prussic  acid,  or  soraclhing  of  similar 
odor  and  analogous  properties  j  as  is  exemplified  by  Ihe  Cherry-Laurel 

no.  608.    VcrUal  B»Uon  of  an  uncipuidtd  Rue,  (bowing  tbe  Utechminil  of  Uh  aipik 


foniu  th*  nUble  part  of  Uui  fnilt ;  one  of  tb>  smiis  laid  ojwn  to  iboit  Uie  a 
Med  ■ncli  tt»  rhaphe  uid dwUm cnniplcucxu.  811,  Tlis aohrro.  813.  C 
Kpplf.    613.  Flower,  &c.  of  Uie  AmoilcHi  Cnli^liplefrjTugcaninuUJ. 
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«f  flM  Old  Worlil,  from  which  the  poisonoua  Laurel-tnater  and  ihe 
virulent  Oil  of  Laurel  are  Dblnincd,  Our  Soulliom  spedes,  Prunus 
(Xiaurocenuu^)  Carolininno,  poUons  cattle  which  cat  its  foliage. 
The  root  of  Gillenia  (Bowman'a  Itoot,  Indinn  Physic)  is  emetic  in 
large  dosra,  in  gmnll  doses  it  acta  iia  a  Ionic.  The  bark  nnd  root  in 
kU  are  astringent.  The  bark  of  Amygdak'ic  also  exude.s  gim. 
That  of  the  Wld  Black  Cherry  is  febrifugal ;  and  the  timber  is 
useful  in  cabinet-work.  Sweet  and  biilcr  almonds  are  the  seeds  of 
varieties  of  Amygdnlus  communis ;  the  oil  of  tho  former  repemblea 
ohTe-oil ;  that  of  the  hitter  is  poisonous.  Of  the  Peach,  Apricot, 
Kcctarine,  Plum,  and  Cherry,  it  is  unnecessary  to  speak.  The 
ttmwberry,  raspberrj-,  t^d  blackberry  are  Ihe  principal  fruits  of  the 
prof>er  Hoeacuie.  Tho  leaves  of  Sosa  centifolia  arc  more  commonly 
Stilled  for  Rote-Koter:  nnd  Attar  of  Soieg  is  obtained  from  R. 
Damascena,  &C.  —  Pomaccous  fruits,  such  as  tho  apple,  jwar,  quince, 
KTvices,  medlar,  &c-,  yield  to  none  in  imiwrtanec :  their  acid  is 
QBoallj  the  malic. 


815.  Ord.  CllytanthaMB,     A  small  groT  of  shmbs,  between  the 
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last  order  and  tlie  next,  distinguished  from  Rosaceie  by  their  oppo- 
site leaves  without  stipules,  and  their  convolute  cotyledonn :  the 
ovariea  are  eoclosed  in  a  flealiy  calyx-tube  as  in  a  rose-liip. — It 
comprises  only  two  genera ;  viz.  Calyeanlhus  (Qtrolina  AlUpice, 
Sweet-scented  Shrub,  &c.),  and  Chimonnnthus,  of  Japan.  Tlieyjire 
cultivated  for  their  frugrant  flowers  The  bark  and  foliage  exhale 
a  slight  camphoric  odor ;  and  the  flowers  give  a  fragrance  like  thnt 
of  strft wherries. 

816,  OH.  Mjrrlatea!  {Mynh  Familg).  Aromatic  trees  or  slmik, 
with  opposite  and  simple  entire  leaves,  which  are  punctnio  with 
pellucid  dots,  and  oflen  furnished  with  a  vein  mnmng  juirullel  with 
and  close  to  the  mai^in,  without  stipules  ;  |he  calji-tube  adherenl 
to  the  ovary;  many  stamens;  and  !!ecda  without  albumen. — Ex, 
Myrtus,  the  Myrtle,  is  the  most  familiar  representative  of  tlili 
beautiful  tropical  and  subtropical  order.  The  species  abound  in  a 
pungent  and  aromatic  volatile  oil,  and  an  astringent  piiuciplc 
Cloves  are  the  dried  ilower-buds  of  Caryophyllus  aroinaticus.  i^i'- 
metito  (Allspice)  is  the  dried  fruit  of  Eugenia  Pimenta.  Cajeput 
oil,  a  powerful  sudorific,  is  distilled  from  the  leaves  and  fruit  of  a 
Melaleuca  of  the  Moluccas.  Australian  epeci&i  of  Eucalyptus  yield 
a  largo  quantity  of  laimin.  The  aromatic  fruits  of  many  species, 
filled  witli  sugar  and  mucilage,  and  acidulated  with  a  free  acid,  are 
higlily  prized ;  such,  for  instance,  aa  tlie  Fomegranale,  the  Guuva, 
Hose- Apple,  &c, 

817.  Ord.  MelutomaceiC.  Trees,  shrubs,  or  herbs,  with  opposite 
ribbed  leaves,  and  showy  flowers,  with  as  many  or  twice  as  many 
stamens  as  petals  ;  the  anthers  mostly  appendaged  and  opening  by 
pores,  inflexed  in  (estivation :  further  dinlinguished  from  Slyrtscee 
by  the  leaves  not  being  dotted ;  and  from  Lytliracece  by  the  adna- 
tion  of  the  calyx-tube  (by  its  nerves  at  least)  with  the  ovary. — £r. 
The  beautiful  species  of  Rhexia  represent  this  otherwise  tropical 
order  in  the  United  States.  Tlie  berries  of  Mclastoma  arc  eatable, 
and  tingo  the  hpa  black  (like  whortleberries) ;  whence  the  generic 


816.  On).  LylliracCffi  {Lo6se»lri/e  Family)  is  dislingui»bed  Rmong 
these  perigynous  orders,  with  exalbuminous  seeds,  by  its  tubular 
calyx  enclosing  the  two  -  four-celled  ovary,  but  entirely  free  from  iL 
The  styles  arc  perfectly  united  into  one:  the  fruit  is  a  thin  cnpsulei 
The  stamens  are  inserted  on  the  tube  of  the  cdyx  below  tlio  petals. 
—  Hx.  Lythrum.     Cliiefly  tropical,  of  httlo  economical  use. 
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8l9.  Ord.  ShixophonctB  {Manffrove  Family)  consists  of  a  few 
tropical  frees  (exiending  into  Florida  and  Louisiana),  groving  in 
maritime  swamps,  where  they  root  in  the  mud,  and  form  thickets 
on  the  Tcr^  of  the  oc«an.  The  ovary  b  often  partly  free  from  the 
calyx,  two-celled,  with  two  pendulous  ovules  in  each  cell.  These 
plants  are  remarkable  for  their  opposite  leaves,  with  interpetiolar 
atipulcs,  and  for  the  germination  of  the  embryo  while  within  the 
pericarp.  —  Ex.  Rhizophora,  the  l^Iangrove  (I^'ig.  141),  The  as- 
tringent bark  has  been  used  as  a  febrifuge,  and  for  tanning. 

830.  Ord.  Combrttues  consists  of  tropical  trees  or  shrubs  (which 
have  one  or  two  representatives  in  Southern  Florida),  often  apeta- 
lons,  but  with  slender  colored  stamens ;  distinguishable  from  any  of 
tbe  preceding  orders  of  this  group  by  their  one-celled  ovary,  with 
■ereral  suspended  ovules,  but  only  a  solitary  seed,  and  convolute 
cotyledons.  —  Ex.  Combrelum. 

821.  Otd.  OaagnceiB  (Evening-Primrote  Family).  Herbs,  or  rare- 
ly shrubby  plants,  with  alternate  or  opposite  leaves,  not  dotted  nor 


fimuslied  with  etipules.     Flowers  usually  tetramerous.     Calyx  ad- 
hoent  to  the  ovary,  and  usually  produced  beyond  it  into  a  tube. 


ne.  SB.  n>w0  or  C&mChnm  bntlcoH.  823.  The  funp,  villi  Ihe  petalii  n 
Sudani  Cnlu  of  poUni,  villi  Mna  or  Ui*  !iil«iiiiiBlaillii]*r  Ihiadl.  E2E. 
<f  tka  (nn-lebad  and  lbiu.aURl  cmpiuta. 

no.  us.  inppnrla  TnlsKriB  (ivbordfir  UAlongw).  AOT.  UmeDllled  flovn,  i 
'-iMiI  li^    Sn.  Totlod  •kUod  of  tbe  onrjr.    82).  VnOnl  aKUOD  oT  tlu  Oi 
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Petals  usually  four  (rnroly  llirce  or  six,  occasionally  abscnl),  and  fbf 
stamens  ns  many,  or  twice  as  many,  inserted  inlo  the  lliroal  of  the 
calyx.  Ovary  commonly  four-celled :  styles  united.  Fruit  mojll)- 
capsular.  —  JSx.  Cliiefly  an  American  order;  mnny  are  ornamental 
in  cultivation.  Fuchsia,  remitrkahle  fur  its  colored  cnlyx  and  ber- 
ried fruit!  (Enothera  {Evening  Primrose)!  Epilohium,  where  the 
seeds  bear  a  coma ;  Ludwigia,  which  is  sometimes  apetnlous ;  and 
Circa^a,  ^vhere  the  lobes  of  the  catyx,  petals,  stamens,  celU  of  tin.- 
ovary,  and  the  seeds,  are  reduced  to  two ;  sliowing  a  connection  willi 
the  appended 

822,  Subord.  flaloragCtC,  which  arc  a  Bort  of  reduced  aquatic  Onn- 
graeeie,  oflen  apelatous :  the  sohlary  seeds  commonly  furnLshed  wirii 
albumen. — Ex.  Myriophyllum  (Water-Milfoil)  and  Ilippuris  (Horse- 
tail), where  the  limb  of  the  calyx  is  almost  wanting;  the  pelnlj 
none ;  the  stamens  i-educed  to  a  single  one,  and  the  ovaiy  to  a  single 
cell,  with  a  solitary  seed. 


823.  Ord.  Grossnlaef  IE  ( Gooseberry  Family  ).     Small  ehrubs,  either 
spiny  or  priukly,  or  unnnued ;  iviih  allemale,  palmalely  lobed  anil 
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rc!,  usually'  in  fu^cirlcs,  often  sprinkled  willi  resinous  dola. 
Flowers  in  racemes  or  small  clusters.  Culyx-tube  ndherent  fo  the 
one-celled  ovary,  and  more  op  le.w  produced  bejond  it,  five-lobetl, 
eometinies  colored.  Pelak  (small)  and  stamens  five,  inserted  on 
tlie  caljTc,  Ovary  with  two  jwirietnl  placcnite :  Bfyles  more  or  less 
united.  Fruit  a  man_v-?eeded  berry.  Embrj-o  minute,  in  hard 
albumen. — Ex.  Ribes  (Gooseberry  and  Currant).  Never  unwhole- 
some :  llic  fruit  usually  esculent,  containing  a  mucilaginous  nnd  oac* 
chnrine  pulp,  ivith  more  or  leia  malic  or  citric  acid  Two  or  three 
red-flowered  species  of  OreRon  and  California,  and  the  lellow  or 
Slissonti  Currant,  are  ornamental  in  cultivalmn. 

824.  Ord.  CaetaceiG  {Cactus  Family).  Succulent  shrubby  plants, 
peculiar  in  tiahil,  with  spmou^t  buda,  usually  leafle=a  tlie  stems 
either  globular  and  man>- 
angled,  columnar  witli  se\-rriil 
angles,  or  flattened  and  joint' 
ed.  Flowers  usually  larpe 
wA  showy.  CaljTt  of  sl\ 
eml  or  numerou§  eepab,  im- 
facicated,  coherent  with  and 
crowning  (he  one-celled  ova- 
ly,  or  covering  its  whole  EUr- 
fiice  J  the  inner  usually  con- 
founded with  iho  iniletinite 
petals.  Stameiu  indeliiule, 
with  long  filaments,  cohering 
with  the  base  of  the  petals.  " 
Styled  united :  etigmas  and  pariclJil  placenta  several.  Fruit  s 
berry.  Seeds  numerousi,  with  a  curved  or  flcaiiy  and  rounded  em- 
bryo, and  lilllc  or  no  albumen.  —  AU  Amerieim,  the  greater  part 
Uvxican  or  oti  tlie  borders  of  Mexico.  The  common  Opunlia 
(Prickly  Pear)  extends  north  to  New  England :  ltd  raucibiginou* 
fmil  u  eaiuble.  So  \s  the  sweet  red  pulp  of  tlie  huge  Cereua  gignii' 
Mas  of  Souora  and  .South  California,  wliich  forms  a  singidnr  tree, 
fcrty  or  fifty  feet  high.  Cereus  grmidiflorus  is  the  maguiiicent 
Kighl-blooining  Cereus. 

825.  Ord.  Loaians.  Herbs  usually  clothed  witli  rigid  or  slinp'ng 
Urs!  leaves  opposite  or  alternate,  without  stipules;  Die  flowers 
■hgwy.     Calys-tube  adiierent  to  the  one-celled  ovary;    llie  Mmb 

SSA.    Flower  vt  MUDlUui&  tmfilbHa,  of  tbfr  Cpprr  Mbiau: 
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mostly  five-parted.  Petals  aa  many,  or  twice  na  many,  as  the  lobes 
of  the  Cfllyx.  Stamens  jierigyiious,  indefinite,  and  in  sevenJ  psiretls, 
or  sometimes  definite.  Style  single.  Ovary  with  three  lo  fire 
pariel.ll  plncenlic.  Seeds  few  or  numerous,  albuminous. — Hj:.  Lo- 
nea,  3Ientzelia,  Ccvallin;  the  latter  with  solitary  seeds  and  no  albu- 
men. All  American,  and  in  the  United  States  nearly  confined  to 
the  regions  beyond  the  Mississippi.  The  bristles  of  Loasa  eting 
like  nettles. 

826.  Onl.  TornerDtes.  IIerb.1,  with  the  habit  of  Cistua  or  Heti- 
anthemum ;  the  altcmtite  leaTcs  without  stipules.  Flower:^  solitary, 
showy.  Calyx  five-lobed  ;  the  five  petals  and  fire  stamens  inserted 
on  its  throat.  Ovary  free  from  the  calyx,  one-celled,  with  Uiree 
parietal  placentie.  Styles  distinct,  commonly  bronclied  or  many- 
cleft  at  the  summit.  Fi-uit  n  Ihree-viilred  capsule.  Seeds  numer- 
ous (analropous),  with  a  crustaeeous  and  reticulated  testa,  and  a 
membranaceous  aril  on  one  side.  Embryo  in  fleshy  albumen. — Ex. 
Tumera,  of  wliicli  there  is  one  species  in  Georgia. 

827.  Onl.  Paaiflonina  (Passwn-fower  Family).  Herbs,  or 
somewhat  shrubby  plants,  climbing  by  tendrils;  wilh  alternate, 
entire,  or  pabnately-lobed  leaves,  mostly  with  stipules.  Flowen 
often  showy.  Calyx  mostly  of  five  sepals,  united  below,  free  from 
the  one-celled  ovary ;  the  throat  bearing  five  petals  and  a  filament- 
ous  crown.  Slamens  as  many  as  tlie  sepals,  monadelpbous,  and  ad- 
hering lo  the  stalk  of  the  ovary,  which  has  usually  three  eluli-shaped 
styles  or  stigmas,  and  as  many  parietal  placenlre.  Fruit  fleshy  or 
beiTy-like.  Seeds  numerous,  wilh  n  brittle  sculptured  testa,  enclo&ed 
in  pulp.  Embryo  enclosed  in  a  thin  albumen,  —  Rr.  Passifiora  fUM* 
Passion-flower,  Granadilla)  :  nearly  all  natives  of  tropical  Amerii?!i. 
Two  species  are  found  as  far  north  as  "N'irginia  and  Ohio.  Klanr 
are  cultivated  for  Iheir  singular  and  showy  flowers.  The  acidnkwJ 
refrigerant  pulp  of  Passiflora  quudrangularis  (llie  Granadilla),  P. 
cdulis,  and  others,  is  eaten  in  the  West  Indies,  &c.  But  the  rooB 
are  emetic,  narcotic,  and  poisonous. 

828.  Ord.  FapByaeeffi  comprises  merely  a  small  gonns  of  tropini 
diosdous  trees,  of  peculiar  character  :  the  principal  one  is  the  Fu- 
paw-tree  (Cariea  Papaya)  of  tropical  America,  wbicb  has  been  in- 
troduced into  East  Florida.  The  fruit,  when  cooked,  is  eatable ; 
but  the  juice  of  the  unri]>o  fruit,  as  well  as  of  other  parts  of  the  plnni, 
is  a  powerful  Tcmiiriige,  The  juice  contains  so  much  fibrine  iliat  it 
hM  an  extraordinary  resembbmue  to  aounal  mailer :  meat  washud 
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in  water  impregnated  with  this  juice  is  rendered  tender :  even  the 
exhalations  from  the  tree  are  said  to  produce  the  same  effect  upon 
meat  suspended  among  the  leaves. 

829.  Ord.  Caenrbitaees  {Gourd  Family).  Tender  or  succulent 
herbs,  climbing  by  tendrils;  with  alternate,  pahnately  veined  ^ 
lobed,  rough  leaves,  and  monoecious  or  dioecious  flowers.  Calyx  of 
four  or  ^\Q  (rarely  six)  sepals,  united  into  a  tube,  and  in  the  fertile 
flowers  adlicrent  to  the  ovary.  Petals  as  many  as  the  sepals,  com- 
monly more  or  less  united  into  a  monopetalous  corolla,  which  co- 
heres with  the  calyx.  Stamens  ^\e  or  three,  or  rather  two  and  a 
half,  i.  c.  two  with  two-celled  anthers,  and  one  with  a  one-celled  an- 
ther, inserted  into  the  base  of  the  corolla  or  calyx,  either  distinct  or 
variously  united  by  their  filaments,  and  long,  sinuous  or  contorted 
anthers  (Fig.  4G5  —  467).  Ovary  one-  to  five-celled ;  the  thick  and 
fleshy  placentJK  often  filling  the  cells,  or  diverging  before  or  after 
reaching  the  axis,  and  carried  back  so  as  to  reach  the  walls  of  the 
pericarp,  sometimes  manifestly  parietal ;  the  dissepiments  often  dis- 
i^pearing  during  its  growth,  sometimes  only  one-ovuled  from  the  top : 
stigmas  thick,  dilated  or  fringed.  Fruit  (pepo.  Fig.  560)  usually 
fleshy,  with  a  hard  rind,  sometimes  membranous.  Seeds  mostly  flat, 
with  no  albumen.  Embrj'o  straight:  cotyledons  foliaceous.  —  Ex. 
The  Pumpkin  and  Squash  (Cucurbita),  Gourd,  Cucumber,  and 
Melon.  When  the  acrid  principle  which  prevails  throughout  the 
order  is  greatly  diffused,  the  fruits  are  eatable,  and  sometimes  deli- 
cious :  when  concentrated,  as  in  the  Bottle  Gourd,  Bryony,  &c,  they 
are  dangerous  or  actively  poisonous.  The  officinal  Colocynthy  a  res- 
inoid,  bitter  extract  from  the  pulp  of  Cucumis  Colocynthis,  is  ver}' 
acrid  and  poisonous  ;  and  Elaterium^  obtained  from  the  juice  of  the 
Squirting  Cucumber,  is  still  more  violent  in  its  effects.  The  seeds 
of  all  are  harmless. 

830.  Ord.  Cnusnlaces  (Stonecrop  Family).  Herbs,  or  slightly 
shrubby  plants,  mostly  fleshy  or  succulent ;  remarkable  for  the  com- 
plete symmetry  and  regularity  of  their  flowers  (449,  Fig.  359  —  365). 
Calyx  of  three  to  twenty  sepals,  more  or  less  united  at  the  bjt<e, 
free  from  the  ovaries,  persistent.  Petals  as  many  as  the  sepak, 
rarely  combined  into  a  monopetalous  corolla.  Stamens  as  many  or 
twice  as  many  as  the  sepals,  more  or  less  perigjiious.  Pistils  always 
as  many  as  the  sepals,  distinct,  or  rarely  (in  Penthorura  and  Dia- 
morpha)  partly  united :  ovaries  becoming  follicles  in  fiiiit,  several- 
seeded.     Embryo  straight,  in  thin  albumen.  —  Ex.  Sedum  (Stone- 
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crop,  Orpine,  Live-for-cver),  Crassula,  Sempcrv-i\-uni  (nouseleel" 
&C.  Tliey  mostly  grow  in  arid  places,  and  ore  of  no  economical  im- 
portance, 

831.  Ord.  SaxifrDgateEB  {Saxifrage  Family).  Herbs  or  shmbe, 
wjth  alternate  or  opi>osite  leaves.  Calj-x  of  four  or  five  more  or 
less  united  sepu!.',  either  free  from  or  more  or  le&s  odlioreiit  lo 
the  ovary,  persistent.  Petals  as  many  aa  the  sepals,  rarely  want- 
ing. Stamens  as  many,  or  commonly  twice  as  many,  as  the  pistils 
or  sepals,  or  rarely  indefinitely  numerous,  perJgynoii3.  Ovaries 
mostly  two  (aometimes  tlirce  or  four),  usually  united  below  and 
dbtinct  above,  eomeiimcs  completely  united  and  even  the  styles  also. 
Seeds  numerous,  willi  a  straiglit  embryo  in  fleshy  albumen.  The 
order,  taken  in  the  largest  sense,  includes  four  tribe»,  as  they  should 
probably  be  called,  rather  thau  suborders,  which  some  botanists  regard 


even  as  distinct  orders,  riz. :  The  Saxifbage^,  or  true  Saxifngt 
Family,  whieh  are  herbs,  with  no  manifest  stipules,  except  the  wings 
or  appendages  at  the  base  of  the  petiole  or  radical  leaves.     £x.  Sax- 


FTQ.  SSB.  SDlllvuitLk  Ohlonli.  SM.  Fic 
811.  Pmit  aummndpd  l>y  U»  pcnJiitoDt  ca 
tha  lowor  part  Qf  llw  rmpsDle,  mugDlfled  ;  j 
undLdg  H«ii.  843.  A  Dugnllled  iwcd,  wltb 
DucLem,  Bj](,wlaif  the  Binbrj'D  in  tha  mJdjt  o 


■  iFtth  tbi  nlfi  Ul J  npRi,  ■nHKbil  mbivd. 

iriDK  th«  eentnil  plwplm  cDimdnltb  tbaa^ 
I  nUolu,  wiDg-lika  MU.    SM.  SkHsd  ul  IIn 


ExooENOL'a  <: 


425 


I,  Iilitella,  &c  Roots  Mmenhnt  nslringent,  in  Ilcuchcm  so  ranch 
ra  that  II.  Americana  U  cnllod  Alum-root.  Hyukakriea  :  shrubs, 
with  simple  opposite  leaves  and  no  stipules.  Kj^.  Hjdrnngea  tttid 
Philndelphus,  the  Intler  polyandi-oup.  BArKiiEjE :  AuslraHan 
shrubs  with  opposite  and  compoiiiiil  sessile  leaves  and  no  stipules. 
Co^OMKjE  :  wooily  plants,  with  oppa=iie  simple  or  compound  leiivea 
And  interpetiolar  stipules.  Kscai-lokiEjE  :  woody  plants,  with 
Bilfmate  simple  leaves  and  no  stipules.  £x.  Escalloniu,  of  Soittli 
Araerica,  Ilea. 

S32.  Ord.  DimanielBHie  {Wilch-ffaielFamily).  Shrubs  or  small 
(rocs,  with  alternate  simple  leaves,  without  etipule.i.  Flowers  often 
pDljgamous.  Pctab  valvule  in  le^livatiom  SlHmens  twice  as  many 
M  the  petals,  lialf  of  them  sterile  ;  or  numerous,  and  the  petals  none. 
Sommit  of  the  two-celled  ovary  free  from  the  calyx,  a  single  ovale 
■ospended  from  the  summit  of  each  cell ;  Blylea  two,  distinct.  Cap- 
tule  caiiilnginous  or  bony.  Seeds  bony,  with  a  small  embryo  is 
hard  albumen.  —  Ex.  Hamnmelis  (Witeh-Hazel),  Folhexgilhu  A 
small  order,  of  little  importimcc.  llunuunelia  is  remnrkablc  for 
flowering  late  in  autumn,  just  as  its  leaves  are  falling,  and  perfeclmg 
lb  fruit  the  following  spring.  To  tlui  order  ia  now  appended  thg 
genus  Liquidambar,  or  Sweet-Gum,  which  has  been  taken  as  the 
tjpe  of  a  distinct  order ;  hut  it  Is  ralhcr  a  reduced  and  npetaloua 
Ibnn  of  the  prei^ent  order.     It  may  etaiid  as  n  su1>order,  viz. 

833.  Sabord.  fialsaminaie  (Siceel-Gum  I'mnilg),  consisting  1^  a 
few  trees,  with  alternate  palmately-lobed  leaves,  and  deciduous 
(tipulcs  ;  the  monoecious  flowers  in  rounded  ameuls  or  heads,  desU- 
tnte  of  floml  envelopes ;  the  indurated  capsules  forming  a  head : 
they  are  Iwo-benkcd,  opening  between  the  beaks,  the  cells  ripening 
(Be  or  two  seeds,  although  the  ovules  are  numerous.  Tlie  Sweet-gum 
i)  w>  called  from  a  fragrant  balsam  or  ilorax  which  it  exudes. 

834.  Onl.  UmbelliTerB  {Parsley  FamUg).  Herbs,  with  hollow 
ileros,  and  alternate,  dissected  leaves,  with  the  petioles  sheathing 
or  dilated  at  the  base.  Flowers  in  simple  or  mostly  con)|)ound  ura- 
beb,  which  are  occasionally  conlracled  into  a  kind  of  head,  dlyx 
(Blirely  coherent  with  the  surface  of  the  dicarj>cllary  ovary  j  its 
Snb  reduced  to  a  mere  border,  or  to  iive  small  teeth.  Petals  five, 
valvate  in  (estivation,  inserted,  with  the  five  stamens,  on  a.  disk 
vliieh  crowns  the  ovary;  their  poinU  indexed.  Styles  two;  their 
bttscs  often  united  and  tliickened,  forming  a  slylo|Kxliiim.     Fruit 

t,  creinoearj},  consi.-ling  of  two  united  carpels,  at  maturiiy  sepa- 
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rablo  from  cndi  otiier,  and  oftun  from 
into  two  achtnin,  or  tnerlcarjis  :  tlie  face 
ceivL'S  tlie  toclmit.'iil  niune  of  comminurt 
definite  Dumber  of  ribi  (Juga),  which  nr» 
wings :  the  inler\-ening  spaces  (iiUervaU), 
Booietimed  contnin  CAniOd  or  recejitadea  o 
these  are  the  principal  teiina  pecuhiirly  i 
plants  of  this  difficult  family,  Embrjo  i 
corneous.  —  Ex.    The  Carrot,   Parsjiip, 


.  sleodcr  axis  {earpophon), 
by  which  these  coln-rc  ro- 
t !  tlwy  are  marked  with  a 
e  sometimes  produced  into 
M  well  as  the  coramissuw. 
i*  volnlile  oil,  called  viu»: 
■mployed  in  describing  llie 
inule.  Albumen  hard  or 
Celery,  Caraway,  Anise, 


Coriander,  Poison  Hemlock,  &c.  are  common  i-eprescntativea  of  this 
well-known  family.  Nearly  all  Umbelliferous  plants  ai'e  fumislid! 
with  a  volatile  oil  or  btiUam,  cliiclty  accumulated  in  the  roots  and  in 
the  reaei-voira  of  the  fruil,  ujwn  which  their  aromatic  and  eamina- 
tive  properties  depend :  Gomctimcs  it  is  email  in  quantity,  so  a* 
merely  to  flavor  the  saeelutrine  roots,  which  are  used  for  food  ;  as  in 
the  Carrot  and  Parsnip.  Kut  in  many  an  alkaloid  principle  cxisis 
pert-ading  the  foliage,  stems,  and  roots,  especiidly  the  latter,  which  rea- 
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deis  tliem  acrid-narcotic  poisons.  And,  finally,  many  epedes  of 
warm  regions  yield  odoroua  gum-resins  (such  as  Galbanum,  Assa- 
ffetida,  &C.),  which  have  active  stimulant  properties.  The  stems  of 
Celery  (Apium  graveolens),  which  are  acrid  and  poisonoiu  when 
the  plant  grows  wild  in  marshes,  &&,  are  rendered  innocent  by 


cnltivation  in  dry  ground,  and  by  blanching.  Among  the  vimlent 
acrid-narcotic  species,  the  most  famous  are  the  Hemlock  (Conium 
maculalum),  and  Cicuta  maculata  (Cowbane,  Water-Hemlock),  indi- 
genous to  tliis  country,  the  root  of  which  (like  that  of  the  C.  virosa 
of  Europe)  is  a  deadly  poison.  A  drachm  of  the  fresh  root  has 
killed  a  boy  ia  less  than  two  hours. 
835.  Ord.  iraliaets  {Gimmg  or  Ivy  Family)  scarcely  differs  from 


the  lost  in  floral  structure,  except  that  Ihc  ovary  is  moslly  composed 
of  more  than  two  carpels,  and  these  do  not  separate  when  ripe,  but 


no.  KA  nonr  0(  Anlil  DUdSculii  (Wild  Bunptrill*);  ■  nrilal  •kUoi.  dl«pl»)1ii« 
tntf  UwHniofUwoTUT-  8&T.  CrsB-MctioD  of  Iht  onrjr.  g&3.  LaDfituiUiHl  Hctta  al* 
ml,  1^1- -■.  riwwbic  th*  BBiiII  <obi70  U  tlH  appw  «d. 
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become  drupes  or  bpiTJcs  j  and  the  albumen  13  not  Imrd  like  honi> 
but  onlj  fleshy, — J?t.  Aralia  (ihe  Spikenard,  the  Wild  Sarsuparilla, 
Ginseng),  and  Hedera  (iho  Ivy).  Their  properties 
stimulant,  somewhat  tonic,  and  alteraliTC. 

836.  fiii.Cornana  ( Cornel  or  Boi/moodFamil!/).  CUieflyti 
ehrubs ;  with  the  Icavea  almost  always  opposite,  destitute  of  et 
Flowers  in  cymes,  sometimes  in  heads  surrouncled  by  colored  inrolii- 
cres.  Cnlyx  coherent  with  tlie  two-ceUed  ovary ;  the  very  small 
limb  four-toothed.  Petals  four,  valvaie  in  lestivalion.  Stamens 
four,  allemale  with  the  pctids.  Styles  united  into  one.  Fruit  n 
tivo-cclled  driijie.  Embryo  nearly  as  long  as  the  albumen  ;  cotyle- 
dons broad  and  flat. — Sx.  Comns,  the  Dogwood.  Cliiufly  remark- 
able for  their  bitter  and  astringent  bark,  which  in  this  country  has 
been  substituted  for  Cinchona.  The  peculiar  principle  they  contain 
is  named  Comine.  Comus  Canadensis  (Fig.  821,  322)  is  a  low 
and  lierbaceous  species.  —  A  reduced  form  of  this  order  occurs  in 
Nyssa  (the  Tupelo  or  Sour-Gum),  which  luis  diwcious  or  polyga- 
mous flowers,  the  sterile  ones  at  least  apelalous,  the  fertile  ones  ap- 
pearing to  be  so  on  account  of  the  limb  of  the  adherent  calyx  being 
obsolete  i  Ihe  style  ftigmatic  down  one  Etde  and  revolute ;  tbo  Qyaxj 
and  drupe  one-celled  and  one-seeded.  The  fruit  is  acid.  The  wood 
of  the  common  Sour  or  Black  Gum-tree,  or  Pcj«ridge,  i 
grained,  and  hard  to  split. 
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Floral  envelopes  consisting  of  both  calyx  and  edrolla 
more  or  less  united  (corolla  gamopeliilons) . — A  few  true  Ericacen, 
with  all  the  Pyrolcai  and  some  Monotropeie,  are  jKtlypetalous :  tho 
AquifoliaceiE  are  nearly  bo,  as  are  some  of  several  of  tJie  eueeeedii^ 
orders,  and  Fraxinus,  &c.  in  Olcacex.  Tho  hiller  gt 
lous,  and  go  ore  one  or  two  genera  in  other  genei-utly 

CONSPECTDS   OF  TEE  OhDERS. 

Group  I.    OvnTj  coherent  with  Iho  culjic,  two-  lo  scTeml-ccllcd,  with  oa 
innnv  oviilea  in  cocli  cell.    Seeda  albuminous,  witli  n  email  crnblTO. 
moiiB  inserted  on  tho  corolla.    LcnvcH  oppoBilc 

Stipule!!  wanting.  t 

Scipulcs  inlcrpcliolor  (or  in  one  ^roup  tho  leaves  whorlcd). 
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On^i  3.  OTitry  coherent  wiih  llic  cnlpi,  one><.-i;1tcd  boiI  one-ovnlFtl,  or  rarely 
3-cellcd  Willi  two  of  (lio  cctll  empty,  nod.  tbo  tlilnl  une-DValcil.  Seed  with 
little  or  no  nlliuinen.  Stamens  inserted  on  the  eorolln.  Umb  of  the  ck- 
Ijtx  B  mcru  ring,  crown,  or  pappiu,  or  none     Slipulea  none. 

SUmctu  distinct.    Seed  su^pcndeJ.    Lcarcs  opposite.  SlatnFns  3,  or  mrelT  3 

Flowers  often  iirce'ilar.  VjLEBiANjicea;. 

Btaffidu  4.  Flowen  regular,  in  an  invotucnilo  bead.  Dii-hacb,*. 

ft""""  (jugcneiioua.    Seed  ct«ct.  Composit.*. 

StaHp  3.  OvoTj  coherent  with  the  calyx,  with  two  or  mora  cells  and  nnmer- 
OM  orulcB.  Secda  BlImminouB.  Stnmens  inserted  with  the  corolla  (epi- 
gTllotu)  :  antliera  not  opening  by  pores.    Juieo  more  or  leaa  milky. 

OKoUmirTCgnlur.   Sutaens  united  by  their  anthcn  or  Glomcnta,     Lodeuaceji. 

OmdUa  regular.     Stamens  distinct.  CuirANCLACR.c- 

Grv»p  4.  Ovary  firo  from  the  calyx,  or  wmEtimeg  coherent  with  it,  with  two 
or  more  eella  and  few  or  mony  otuIcs.  Seeds  slhuniinous.  Stiunciu  int 
terted  witli  the  corolla,  or  rarely  somewhat  coherGnl  with  its  base,  as  many, 
or  twieo  as  many,  as  its  lobes :  aathcn  mostly  opening  by  pores  or 
chinks,  EnicAcKjB. 

Gnup  G.    Ovary  free,  or  rarely  coherent  whh  the  calyx,  several-celled,  with  a 
single  ovule  (or  at  least  a  single  seed)  in  each  celt.    Seeds  mostly  nlbn- 
minont.    Statnctis  dcRnitc,  ju  natiy  m  tlie  lobes  of  tho  (often  almost  poly- 
pctatout]  corolla  and  alternate  with  them,  or  two  to  four  times  as  many : 
anthers  not  opening  by  pores,  —  Tnxs  or  shrubs. 
Bmtena  ••  many  at  the  lobes  of  the  corolla :  no  sterile  ones.    AqvtpouxcEX. 
StmoK  moro  nameroiu  than  ibo  lobes  of  the  corolht,  and  nil  fertile. 
Flowers  poiygnmons  :  calyx  free.  Edbiiacb.b. 

Fkiwers  perfeei :  calyx  mora  or  Icm  adnatc.  SttiacacbiI. 

Stamcui  u  many  fertito  as  the  lobca  of  tbo  corolla  and  opposite 
Ibcm.  Sapotacka. 

Cnup  6.  Ovary  free,  or  with  tho  bosn  merely  coherent  with  ll>0  tuba  i>f  the 
talyx,  oniM'clkd,  with  a  free  central  pluccntn.  StMmens  inserted  into  the 
rq^lor  corolla  opposite  its  lobes !  wliicli  tlicy  equal  in  nnmbcr.    Seeds 

Ihnbs  or  incs  (all  tropicnl) :  fruit  drupaceous.  MnsiitACSx. 

Bute:  fruit  ca]i<iu lor.  PatMOLACKJ^ 

Cnap  7.  Ovnry  free,  one-celled,  with  a  einglo  ovule ;  or  two-celled  with 
Kveml  ovules  attaclicil  to  a  ihirk  cenlnil  ptocenln.  Stamens  as  many  as 
the  lubes  of  the  tegular  corolla  or  the  nearly  distinct  petals.    Seeds  albu- 


Otiry  twoKslled :  style  single  ;  stamens  4,  or  r 
Onijr  one-celled :  iiylcs  and  stamens  b. 

Crnp  8.     Ovnry  free,  or  rarely  partly  cohere] 


PumXAOISACE*, 
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fonr-)  celled,  with  numcrona  ovules.    Corolla  Inlabuite  o 
suunenB  iosuriMl  upon  its  tubfl,  aud  mostly  fuwcr  tbna  its  U 


Irr^alsr;  (&a 


Lb^^tibclacex. 


Onuy  I-i'clloI  witli  a  rentral  pliu^nta.    Stamrns  S. 
OvBiy  1-ccltcd,  or  gpnriously  a  -  S-cfUml  wiiJi  imriclol  pli 
Seods  very  numerous  and  miuulc,  albuminous. 
Plants  destitnCc  of  green  herbage 
Plants  with  green  hcrbngo. 
Seeds  !av  or  many,  Inrgo  :  albuiacn  oano. 
Ofuty  S-ccllcd,  «ith.tho  plaeenlic  iu  t)io  axis. 
Corolla  convofuto  in  Kstivation.     Steda  few ;  no  albnmco.       AcAiCTttACXC 
Coiiillit  imbticiited  ia  fcBtivation.    Seeds  albuminous.      ScBorHVi_tBtACE.£. 


OnonJixcaACCE. 

GESXERIACE.E. 


Un/ap  9.  Ovaij  froo,  tn-o-  lo  foar-lobcd,  or  at  least  separating  or  splilling 
into  as  many  onc^ppclcd  nuts  or  oeheuin,  or  drupaceous.  Corolla  regnlir 
or  irregular ;  tbo  stamens  inserted  on  its  tube,  ei]ual  ia  Dtimbcr  or  fewer 
than  its  lobes.    Albumen  little  or  nooc. 


Gtatnsna  i,  didynamous,  or  !.     Corolla  more  or 
Ovary  not  4-lobeil :  Btylc  icmiinol. 
Ovuij  of*  lolics  around  tha  Imsc  of  tbe  stylo. 

Stamvua  5.    Flower  regular.    Leaves  alternate. 


less  irregular. 


VEnnENicEX. 
La  It  1  ATX. 

Bonn  AG  IMAtE.£. 


Gnip  10.    Ovary  free,  compound,  or  rarely  the  carpels  two  or  mora  aud  ilis- 
tinct ;  Iho  ovules  usually  seversl  or  numerous.    Corolla  regulor ;  iho  si* 
mens  iusertcd  upoti  Its  lubc,  na  muiy  lU  tlia  lobea  aod  alternate  n-ith  (bioa. 
Seeds  albuminous. 
PlacenlfB  S,  parietal  (eomclimos  expanded  or  united}.    Embryo  minnlo. 
Hairy  herbs.    Albumen  cattilogiiious.  HTt>noriiTi,LAC(x. 

Smooth  herbs.    Albumen  fleaby.  GK.vrtASAcrs. 

FlaccntiD  in  Ibo  axis  :  ovary  with  2,  3,  or  rarely  several  cells. 
Embryo  largo,  coiled  or  folcl«i.    Seeds  few,  Coktoi.vclacb.e. 

Embryo  straight,  with  brood  cotyledons.  Polkuonuccje- 

Embiyo  curved,  rarely  straight,  sIcDdci.    Seeds  namcrons.         Soi.ahacs.e. 

Group  II.  Ovaries  3  and  distinct  (or  lometinics  united),  but  the  stigmas  imilfd 
into  one  and  ofun  tlic  tilj-les  alao.  Stamens  as  many  us  and  alternate  with 
the  lobes  of  the  regubir  corolla,  nliicli  is  convolute,  or  rarely  Tolvaie  ia 
icsiivoiiotL  Anthers  often  counected  with  the  etigma.  Froit  usually  a  pair 
oT  follicles.  Seeds  mostly  numerous,  often  eomoic.  Embtyo  largD  and 
stiuight,  in  spaiing  albumen.    Juice  milky. 

Pollen  powdery.  ApocrsACBJt. 

Pollen  in  waxy  or  gmnnlar  mosses.  Abci.bpiaiiaci.£. 

Group  la.  Ovnry  free,  two^^elled,  the  cells  mostly  iwo-ovuled,  and  the  fniil  onc- 
secdod.  Corolla  rej-ubir  (somEtiraoB  nearly  poli-petalous  or  wnntine) ;  ihc 
siaractiB  (two)  fewer  [him  its  lobes.  —  Shrubs  or  trees. 

Seeds  creel.    Corolla  imbrieaied  or  contorted  in  autiVBtioD.  SmttuxetJB. 

Seeds  so^cnded.    Corolla  volvut 
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837.  Old.  CapritolfaeeB  (ffoiteytueMe  Familg),  Mostly  shrubs, 
often  twining,  with  opposite  leaves,  and  no  stipnles  (but  Viburnum 
often  has  appendages  like  tbem).  Calyx-tube  adnate  to  the  2-5- 
ccUed  ovaiy;  the  limb  4-5-clcfl:.  Corolla  regular  or  irregular. 
Stamens  inserted  on  tho  coroUo,  as  many  as  tho  petals  of  which  it  is 
composed,  and  alternate  with  them,  or  rarely  one  fewer.  Fruit 
mostly  a  berry  or  drupe.  Seeds  pendulous,  albuminoiia.  —  Ex.  The 
Honeysuckles  (Lonicera),  which  havo  usually  a  peculiar  bilabiate 
corolla  (473),  the  Snowbcny  (Symphoricarpus),  Diervilla,  which 
has  a  capsular  Iruit,  &c^  compose  the  tribe  Lomcere^  cliaraeler- 
izedbytlicir  tubular  flowers  and  filiform  style:  while  the  KIder 
(Sambucus)  and  Viburnum,  which  have  a  rotate  or  urn-shaped 
oordla,  form  the  tribe  Sahocceje.     Chiefly  plants  of  temperate 


regions.  Several  species,  such  as  Honeysuckle,  Ac,  are  widely 
cultivated  for  ornament.  They  are  generally  bitter,  and  rather 
active  or  nauseous  in  their  properties. 

838.  Old.  EnbiaiKIE  (Madder  Familif).  Shrubs  or  trees,  or  oflen 
herbs,  with  the  entire  leaves  either  in  whorls,  or  opposite  and  fur- 
nished with  stipules.     Calyx-tube  completely,  or  rarely  incompletely 

no.  Bse.  BnoehDf  L(nilc«s(Xjl«twii)obl(ttigltaU>:  th*  twoomlM  anitedt  SGO.  Lo- 
■iMO  (CaprUOUnin)  ptniOon.  881.  A  flDinr  aboat  Ih«  DUanl  aim.  8S.  LoDglRKUiiiiliM- 
VUmvtthm  amj.    888.  LoscUodiiiJ  McUoa  of  •  dhdUM  aenl,  abowlDC  Uh  (IbOBB  u< 
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adniite  lo  Iho  2-5-cclIed  ovary;  tlie  limb  four-  or  fire-<!!eft  or 
\  toolhed,  or  oceasionnlly  obsolele.     Stamens  as  many  aa  iha  lobea  of 

the  reguliir  corolla,  and  aliemato  with  tticm,  insi^rted  on  Hut  tube. 
'   Fruit  rarious.     Seeds  albuminous. — Tliis  extensive  fumily  divides 

into  two  principal  suborders,  viz.:  — 

839.  Sobord.  Stellates  {Madder  Family  proper).  Herbs,  with  ibe 
leaves  in  whorls  ;  but  all  except  a  single  pair  are  generally  Gup])osed 
to  take  the  place  of  Etipulca.  —  Jix.  Galium,  Ruhia  (the  Madder), 
&C.,  nearly  nil  belonging  to  the  colder  parts  of  tlie  Vi-orld.  Tbe  roots 
of  Madder  yield  tlie  important  dye  of  tliat  name;  and  ibose  of 
Beveral  species  of  Galium  are  imbued  with  a  Eimilar  red  coloring- 
matter. 

840.  Subofd.  CinthoneEB  (Peruvian-Bark  Famili/).  Shmbs,  trees, 
or  herbs  ;  Die  Imwos  op]io#ile  and  fijmislied  with  elipules,  which  are 
very  various  in  form  and  appearance.  —  Fx.  Cephalautbus  (Batuoi- 


bnuh),  Pinkneya,  and  an  immense  number  of  tropical  gcncr;i. 

-  Very  active,  and  generally  febrifiignl  properties  prevail  in  ihi^  Ltrg>^ 

order.     It  fumidies  Bome  of  the  most  valuable  known  remedial 

agents,  nmiong  them  Perutiaa  Hart  or  Cinchona,  and  IpccacuoTiha. 


.    Ceptulasthua  HclilmiUU*,  t 
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TTie  fiibrirugal  proponics  of  llic  former  depend  on  tbe  presence  of 
two  sikalics,  Cinehonia  and  Quinia,  bolh  combined  with  Ai'ni'c  aeid, 
Tlie  Quinquina  barh,  wiiich  are  derivod  from  some  Rpecies  of  Ex- 
ortemma  and  olhcr  West  Indian,  Mc^xican,  and  Brazilian  genera, 
oontain  neither  cinehonia  nor  qninia.  The  bark  of  Pinckneya  pu- 
bens,  of  ihc  Soulhern  United  Stales,  liaa  been  substituted  for  On- 
cbona. — The  true  Iptcairuatiha  is  fumislied  by  the  roots  of  Cepb»- 
nib  Ipccacnanlia  of  Brazil  and  New  Granada.  Its  emetic  principle 
(called  Emflinf)  Also  exists  jn  Psychotria  cmetica  of  New  Granada, 
vtuch  larnUlies  tlie  tirialed,  black,  or  Peruvian  Ipecacuanha.  The 
Older  likewise  furnishes  Coffet,  llic  lioniy  Heed  (albumen)  of  CofTiea 
Arablca.  According  to  Blume,  the  lesivea  of  the  Coffee-plant  are 
used  as  a  ful)stitulo  for  tea  in  Juva. — To  this  order  mny  be  ap- 
pended, eiilicr  oi  a  suborder,  or,  as  in  a  general  work  it  is  more  cod- 
Tenienlly  regarded,  the 


841.  Onl.  Loganifltflt,  which  may  be  briefly  said  to  be  Ruhiacen 
iril]i  a  frL-c  cidyx,  and  manifestly  connected  with  the  Cincbotiete 
tliroc^  the  Iloustonia  eci:tiDn  of  Oldenlandia,  with  a  partly  tree 

m.  SiS.  OhIfliluHlUtlbnKtiinliileiviilia.  BTS,  Bit,  TIh  nre  toru  or  flmnn  Ihjri  dllbr- 
bid  open ;  una  with  Dm  ituDrni  st  th<  bug.  ilif  oUm 
ff  flfun  ihowv  ikti 
:S  AdUht  ]«  n 
niiiin  of  Ihn  npn 
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calyx.  On  tlic  otlicr  linnd,  they  run  close  to  Scrophularinces  and 
Apocynaceo;,  —  Spigelia  Miiriliindica  (the  Caroliaa  Fink-rool,  a 
well  known  vermifuge,  of  somewliat  acrij-narcotic  pnq>erlies),  and 
GelGcmium  (ihe  eo-called  Yellow  Jessamine  of  the  Southern  Slates) 
itre  the  moat  conspicuous  repre^ntotives  of  the  group  in  this  ooun- 
try.  The  active  properties  of  Ihe  family  are  most  conspicuous  in 
Bpeciea  of  Siryclmos.  The  fatal  drug,  Nax-tmmiea,  from  which 
ttn/rhnine  is  extMWted,  conaists  of  tlie  seeda  of  an  East  Intjian 
Strychnos.  Tienle,  another  frightfijl  poison,  is  prepared  from  a 
Java  epecics,  and  tlie  Ouari  poison  of  South  Aneiicn,  from  a  tliinl 
epecicK.  MennwUilu  a  Brazilian  species,  S.  Pseudoquina,  haa  a  harm- 
leas  fruit,  and  its  bark  ( Copalche  hark)  is  reputed  to  be  on  excellent 
febrifuge,  fully  equal  to  Cinchona. 

842.  Ord.  TaleriBnattB  (  Vakrian  Family).  Ilerbs  with  oppo^its 
leaves,  and  no  elipules.  Flowers  ofleu  in  cymes,  panicles,  or  headb 
Limb  of  the  adnate  calj-x  two-  to  four-toothed,  obsolete,  or  eljtf 


(brming  a  kind  of  pappus.  Corolla  tubular  or  funnel-form,  some- 
times with  a  spur  at  the  base,  four-  or  fivc-lobed.  Stamens  distinct, 
inserted  on  the  corolla,  usually  fewer  than  its  lobea.     Ovary  onc- 


(oUipslCTO.!. 

ui»  hiiiOa  or 


if  Fi^dia  FigDpjnim.  BB3.  A  niculllcil  dovtr.  SS8.  A  tmit  SH.  Al 
DfllMuins,  ud  thDcal;1e>loiuotth««*dliiU»dDgtaEuIitoi*ll:  tM 
mSunit  Into  ant.  8B&.  Flomr  of  ■  Vulnlu,  -with  dh  of  Uw  (■!*<» 
fi  nnrolLwl.    SM.  ficcUini  Uuenfli  tha  mtrj  ud  ■iitHjD ;  I>w  biWM 
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B  perfect  cell  anil  two  abortiv 


Friii 


nkind 


of  aclicniiim.  Seed  Buspciided,  exnlbuminous.  Embrjo  straight, 
ndlcio  superior. — Ex.  Valeriana,  the  Valerian,  and  Fediii,  tlio  Lamb- 
LtiUuce :  the  hitler  is  enten  as  n  cahid.  Tlie  perennial  speciea, 
ORpeciitlly  tlie  roots,  exhale  a  lieavy  and  peculiar  odor,  hnvc  a  some- 
iHiat  bitter,  acrid  lasle,  and  ere  antiRpafmodic  and  vermifugnl. 
Valfnan  of  llie  shopa  is  chiufly  from  Valeriana  officinalis  of  th« 
South  of  Europe-  It  produces  a  peculiar  inloxiealion  in  enls.  Tlic 
large  roolJ9  of  V.  edulis  are  ealen  by  the  aborigines  of  OregonI 
The  fiunous  Spikenard  of  the  nncients,  eslccmed  as  a  stimulant 
medicine  as  well  as  a  perfume,  is  the  root  of  a  Nordostachys  of  the 
Himalayas. 

843.  flnl.  DIptattff  {Teaul  Famihj).  Herbs,  with  opposite  or 
vltoried  sessile  leaves,  destiluie  of  stipules.  Flowers  in  denso 
biaub,  which,  arc  Eurrounded  by  aii  involucre.  Liinh  of  tlic  adnatc 
calyx  cup-»haped  and  enlira  or  toothed,  or  forming  a  bristly  or 
plntnose  pappus.  Corolla  tubular ;  the  limh  four-  or  five-lobed,  some- 
rlwt  irregular.  Sltmiens  fotir,  distinct,  or  rarely  united  in  pairs, 
often  unequal,  inserted  on  the  corollu.  (h'ary  one-celled,  one-ovulcd. 
Seed  GuspendcKl,  albuminoiiii;.  —  Ex.  Dip^cus,  tlie  Teasel,  and 
ScaLbiosa,  or  Scabious.  All  natives  of  the  Old  World.  Teatth  are 
iIm  dried  heads  of  Bipsacus  lullonuni,  covereJ  with  stiff  and  spiny 
tnct#,  with  recurved  jwints. 

844.  Ori.  ConpoiilS  (CompoiiU  or  Simjhieer  Family).  Herbs 
or  shrubs;  with  the  fluwers  in  heads  (compound  floweiu  of  the 


I  aider  botttntsts,  394,  Fig.  323-335),  crowded  on  a  receptacle,  and 
'  imioutided  by  a  set  of  bracts  («ra/«i)  ((>miing  an  involucre  ;  tlio  sop- 
e  Uowers  often  (urni.-heJ  with  bracllets  {ehnff,  palra-).  Limb  of 
I  ibc  admue  calyx  obmtlete,  or  a. puppit*  (Fig.  5ti»-S73),  consisting 

VIO.  B8T.  Ah«aofIlu-.r.«fCWwry(ri(.W3)Tenk.IljdHU*L 
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of  liaira,  bristles,  scales,  &c  Corolla  regular  or  irregular.  StB- 
mens  five,  as  numy  as  tlie  lobes  or  teeth  of  ihe  regular  corolla,  m- 
serteil  on  its  lube :  anlhera  uniled  inlo  a  lube  (syngenetioat.  Fig. 
463,  464).  Style  iwo-olefi.  Ovule  solilary,  erect,  onatropoos. 
Fruit  on  aclienium  (Fig.  568  — i"i73),  either  naked  or  erowiwd 
with  a  pnppus.  Seed  destitute  of  albumenn.  Embryo  etraigbl. — 
This  vast  but  very  natural  family  is  divided  into  three  aeries  or 
Bobordera;  viz.:  — 

845.  Snbord.  TDbnliflorit.  Corolla  lubular  and  reguliirly  four-  or 
flve-lobed,  either  in  all  the  flowers  (when  the  head  is  discoid),  or  in 
the  central  ones  (those  of  the  disk)  only,  the  mnr^nul  or  rayjhieen 
presenting  a  Ululate  or  sirap-shnpcd  corolla.  —  Ex.  Liatri?,  Kupato- 
lium,  &C.  i  where  the  heads  are  homogamoiis,  tliat  is,  the  flowers  all 
tubular,  similar  and  perfect :  Holianihus  (SunHowur),  Heleniuni, 
Aster,  &c. ;  where  tlic  hcad^  are  heterogamous ;  the  disk  jtotufft 
being  tubular  and  perfect,  while  those  of  the  rag  are  llrjulatr,  and 
eitlier  pistillate  only,  or  neutral,  that  is,  destitute  of  both  stanu-ns 
and  pistils. 

846.  Subord,  UbiHliflorai.  Corolla  of  the  disk-flowers  bibibinte. — 
Ex.  Chaptalia,  of  the  Soulliem  United  Slates ;  and  many  South 
American  genera,  &c. 

847.  Subord.  ligDlitlors.  Corolhi  of  the  flowere  (both  of  the  disk 
and  ray)  all  ligiilate  and  perfect.  —  Ex,  The  Dandelion,  Lettoce, 
Cichory  (Fig.  887),  &c. 

848.  This  vast  family  comprises  about  a  tenth  part  of  nil  Ph»- 
nogamous  plants.  A  bitter  and  astringent  principle  pervades  the 
whole  oilier ;  wliich  in  some  is  tonic  (as  in  the  Clmmomile,  th< 
Boncset  or  Thoroughwort,  &e.) ;  in  others,  combined  with  nutcihge, 
so  that  they  are  demulcent  as  welt  as  tonic  (Elecampane  and  Colt}- 
foot)  ;  in  many,  aromatic  and  extremely  bitter  (such  as  IVormHTwcl 
and  all  the  species  of  Artemisia)  ;  eometimes  accompanied  by  anid 
qualities,  as  in  (he  Tansy  and  the  Mayweed,  the  bruised  fresh  htsA^ 
age  of  which  blisters  tlie  skin.  The  species  of  Liatris,  which  obonnd 
in  terebinthine  juice,  are  among  the  reputed  remedies  for  the  bile* 
of  seqicnts;  so  are  some  i:pecies  of  Alikanin  in  Central  Amerira. 
The  juice  of  Silpbium  and  of  some  Sunflowers  is  resinons.  The 
leaves  of  Solidago  odora,  wliich  owe  their  pleasant  anisalc  fragrancf 
to  a  peculiar  volatile  oil,  nre  infused  sa  a  sulwtiliite  for  ten,  Fnna 
the  seeib  of  Suriflower,  and  sevend  other  plants  of  tlie  unli'r,a  bland 
oil  is  expressed.     Tlie  tubers  of  Ilclianthus  tulwrosus  are  ealwi 
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OD^r  the  name  ofJeniMolem  articAoket ;  Giraiola,  the  Italian  name 
of  Sunflower,  liaving  become  Anglicized  inio  Jerusalem.  True  arti- 
chokea  arc  the  fleshy  receptacle  and  imbricated  scales  of  Cynara 
Scolj'mus.  The  flowers  of  Carthamus  tinctorius,  oflen  called  Saf- 
fron, yield  a  yellow  dye,  much  inferior  in  quality  to  true  Saffron. 
— Hie  Liguliflonc,  or  Clchoraeeie,  all  have  a  milky  juice,  which  is 
narcotic,  and  lias  been  employed  as  a  substitute  for  opium.  The 
bland  young  leaves  of  the  garden  Lettuce  are  a  common  salad.    The 


roasted  roots  of  the  Wild  Succory  (Cichorium  Intybus)  are  ex- 
no.  SSS.  nod  of  Llitiii  >qiii[Tii_  [dlmld ;  (he  Rdwoi  all  tobnlir  ud  pcrfKO-  88t. 
Hm  hiik,  vIUi  Um  k>W  of  on«  ilile  of  Uie  UnbrinUd  loToluen  nmand ;  ud  iIm  ill  Iba 
kwcn  but  out,  ihDirlPE  (ha  nakeil  Bat  nctpUcte.  890.  Portlaa  of  ana  of  the  plumoae  brla- 
B«  ar  tha  opUlUT  pappna     BSl    lluad  of  Utlenium  (uUmiDala  (lia((ni{*itioiu) ;  Iba  nra 

aialaa  at  Iba  loToliKn  Id  k  ilngh  kiIh.  g<l3.  SlagnUnI  dlik-flmrar  of  Uk  tuig :  Iba  roniUt 
ablbiUnf  Iba  pacoUu  TeoaUoa  of  thaf&nilly ;  niuavEj,  the  t^iu  romapoDdlng  lo  theainuis, 
B&d  amdldf  a  bruich  alovf  the  mUEliii  of  the  lobu.  894.  Ttia  uma,  with  (Ih  corolla  n- 
Lsnlum  rrowEwd  with  tbfl  limb  of  tbo  CbljA  In  the  fomi  of  &  chaff;  pappua,  of 
-  806-  A  cbair  cf  (ha  pappiu  man  magnUed.  89G-  A  tabular  corolla  of  thia 
ifibowlnf  IfaeTcnadoD;  and  al»  IbaAvo  «;iiKciK<loDa  autbara  uoltcd  la  a 
rhicb  tba  twD-rlFft  tl)  la  panca.  697.  Head  of  Dnnpla  tmpltlLkauU^  vitli 
lOTcd  from  (he  v]oaBa(4.>d  ppEIIv-IIko  nccptaclB,  ciccpL  a  few  at  the  bane :  a, 
na  of  the  dUr-flowDn  ma^incd^  partlj'  ai 


A  pcil«(  and  Ugulat 
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tensively  used  lo  sdullerate  coffee :  and  the  rools  of  some  speda 
of  Tnigopogon  (Sulsify,  Oysler-planl)  and  Seorzonera  are  well- 
knoivn  esculents.  • 

840.  Ord.  lobeliaceiS  {Lohdia  Family).  Herbs  or  somcwliBt 
shrubby  pliinls,  often  yielding  n  milky  juice,  with  fJiemnle  leaves 
and  perfect  flowers.  Limb  of  ibe  ndnnlc  ciilyx  five-cleft.  Coroliit 
irregularly  five-lobed,  usunliy  appearing  bilnbiale,  cleft  on  one  wde 
nearly  or  quile  to  the  base.  Slamena  5,  epigynous,  coherent  into  a 
tube.  Sllgma  fringed.  Capsule  one— several-celled,  mnny-seeded. 
Seeds  albuminous.  —  Ex.  Lobelia.  All  narcorico-aerid  poi^ona. 
The  well-known  Lobelia  inflnta  (Indian  Tobacco)  ia  one  of  ibe  moM 
powerftil  articles  of  the  materia  meilicn,  and  mo^E  dangerous  in  the 
hands  of  tbc  reckless  quacks  tvlio  u^e  it.  —  This  order  is  otdy  a 
form  of  tlic  next,  wilh  irregular  flowers. 

850.  Ord.  CampimulBCeit  (Campanula  Family).  Herbs,  like  the 
last,  but  the  juice  less  nerid,  and  tbe  corolla  regular,  campaniilUt^ 


tcr,  ctiliire«l.    S03.  Tbo  viuiUd  Dliuutnls  ud . 
oCUiaciil;ric'utswiiy.    GM,  TlMi(i!,-m>(am 


Died  bf  ■  MnfK  got-s 
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nlebed  with  collecting  hairs. — ^.  Campanula  (Bell-flower,  Hare- 
bell). Plants  of  little  known  importance  to  man,  except  for  mv 
nament.  * 

851.  Old.  EritUCB  (Heath  Familg).  Shniha,  or  small  treca,  rarelj 
heilM.  Flowers  regular  and  symmetrical,  or  nearly  bo  ;  llie  petals 
sometimes  distincl.  Stamens  mostly  distinct,  free  irom  the  corolla, 
as  many  or  twice  as  many  as  its  lobes,  and  inserted  with  it  (either 
hypogynous  or  cplgynous) :  anthers  oflen  appendagod,  commonly 
(^ning  by  termhial  pores.  Pollen  compound  (of  four  united 
grains)  except  in  the  last  suborder.  Styles  and  stigmas  united  into 
one.  Ovary  tvith  two  or  more  cells  and  usually  numerous  orulcs, 
free,  or  in  Vflccinem  coherent  with  the  calyx-tube.  Seeds  usually 
indefinite,  albuminous.  —  Most  botanists  give  the  rank  of  orders  to 
the  following  suborders. 


852.  Snbord.  Ticciaicc  (  Whorihberry  Family).  Ovary  adnate  to 
the  lube  of  ihe  calyx,  becoming  a  bcriy  or  drupaceous  Anthers 
twiM^lled  ;  the  cells  nearly  distinct,  mostly  prolonged  above  into  a 
tube  Shnilw,  with  scattered  or  alternate  leaves,  often  evergreen.  — 
Ei.  Vnccinium  (Bilberry,  Blueberry,  Cranberry)  and  tiaylussacia 
(Wliorlli!l)erry  or  Huckleberry). 

853.  SDbord.  Erieinea  (TViw  Heath  Famtly).  Ovary  free  from 
the  calyx.  Fruit  capsular,  sometimes  baccate  or  drupaceous. 
Mostly  slirubs.  Leaves  various,  often  evergreen.  Petals  rarely 
distinct.  —  Ex.  Erica  (Heath),  Kalmia,  Rhododendron,  Guullhcrio, 
Andromeda,  &c. 

no.  907.  BnnrborRholoiItBdiaiUpiimlnim.  908.  Enlirpd  fianr,  vlth  Id  pnU»l  ud 
biKti.  909,  ABow»r"lttaiB«rniU»ninoT(il,  numenlonaTl.  910  Tbr  apniteof  B.  nail- 
■um.  np«itii(  iij  iipUdiUl  di 
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834.  Sabord.  Epaeridei  {Epaerit  Jbmi7y).  Shrubby  plants  of 
the  South(.Tn  homiiphcro,  with  tbc  a-ipcct  and  cbaracler  of  Heaths, 
but  the  tutihcn  onc-oellcd  arc  not  appendoged. 

855.  SDbard<  PjToleB  (Pyrola  Family).  Ovaiy  free  from  the 
caljx.  l*fliil!i  distinct.  Anthers  two-celled.  Fruit  a  capsule. 
Sccdd  with  a  very  loose  cellular  tceta.  Mostly  herbs.  Leaves  flat 
and  broad,  evergreen. — £c.  Fyrola,  Chimaphila. 


856.  Sa1}0Td.  HonotrOpCtE  {Indian-Pipe  Familif).  Chary  free  from 
the  calyx.  Petals  distinct  or  united.  Anthers  twcKiellcd,  or  con- 
fluently  onc-cclled.  Pollen  ?im|ik.  Fruit  a  ca]>sulc  Seeds  with 
a  lixwe  or  winged  lesla.     rarasilio  herbs,  destitute  of  green  color, 

FIG.  oil.  G«ilth(rl*procDmlKii>(ai«kubHi7,&F.)  912.  Tbo «iUu^nE nlji  la  tl» Id- 
nutun  fruit.  913.  Vertical  rcUod  of  Uie  pul|ij  or  beny-llbe  cnlyi  kdJ  lb»  Inrludtd  npwla 
(thOKdirnnoTfdfnm  tbeplKnUlnoHcxll).  914.  lIoclionUiBccttDn  of  the  niiH.ibov- 
Jng  Lh«  flTe-celled  capsule,  with  a  placcDta  pi^>ce«4lDe  from  the  luner  imglo  of  evh  cell  91£. 
BectloD  of  >  Ked,  mugiiiflt^  "SIB.  Floncr  of  a  VtcclDlum  (Bluebeirj).  917.  Vertlod  Hc- 
lloaof  the  OTMiyuil  adbemit  calji.  913.  AnHur  of  TaHinlum  Vltli-ldan ;  rarh  nU  pn- 
longidlDto  a  tube,  sud  opening  bf  a  Icrmiiial  pore.    919.  Autbcr  Of  VaFClnium  Mj-rtlllui ;  UK 


B  appeuUaget  of 


and  nilh  scnles  insteiul  of  leuves. — Ex.  Monolropa,  tto  Indian- 
Pipe  ta\A  PiiieHip. 

857.  In  ihiii  tlivcrHiRed  and  widely  difTu^cd  order,  the  bark  and 
ftlSage  are  generally  asLringent,  olleii  etimulant  or  aronuitic  from  n 
Toiatile  oil  or  a  resinous  mRller,  and  not  seldom  narcotic.  Thua,  tbo 
kavea  of  Rhododendron,  Kolmin,  and  all  the  related  plants,  are 
ddetinious  (being  sliniulant  narcotics),  or  suspicious.  Tlie  honey 
ouda  from  their  flowen  is  soiuetimca  poisonous.  The  l.'va-Ursi 
(wt  iIm  QumapUla  (Pipsi&sewa)  are  the  chief  medicinal  phints  of 


ti»  order.  The  berrie-s  are  generally  edible,  and  some  are  largoly 
nsed  for  Ihe  dessert ;  as  Cranberries,  Bluebcrriea,  and  lluekleber- 
ries.  Tlie  (leshy  ealyx  of  Gaulilicria  (Chcckerberry,  or  'Wuiter- 
peen)  lui*  n  very  pleasant  and  well-known  aroma.  Many  Ericiwcai 
an  cnltiraled  for  ornament,  especially  RhoduUciidrou?}  and  A^ialeo^, 
Hentlis  and  Kpacrises. 


fill.  SB.    Pjnlk  f hkmntlui. 


•d  In  liK    912  blUfM  tawrt.    0».  tUfnlflid  M 
affffoto.    997.  Ahlctalroji  ^ 

*,  ud  ^liTi<M  ihowtiv  Um  raj  Bloala  mt^irj*. 
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858.  Ord.  Aqoifoliaees  {Holly  Family).  Trees  or  shrub?,  com- 
monly  witli  coriaceous  leaves,  and  8mall  axillarj  polygamous  flowers. 
Calyx  of  four  to  six  sepals.  Corolla  four^  to  six-parted  or  cleft: 
the  stamens  as  many  as  its  segments  and  alternate  with  them,  in- 
serted on  the  ba.<e  of  the  corolla.  Anthers  opening  longitudinally. 
Ovary  two-  to  six-celled ;  the  cells  with  a  single  suspended  ovuk. 
Fruit  dnipaceous,  with  two  to  six  nutlets.  Embryo  minute,  in  hard 
albumen.  —  Ex,  Ilex,  the  Holly,  &c.  The  bark  and  leaves  contain 
a  tonic,  bittor,  extractive  matter.  The  leaves  of  a  species  of  Ilex 
arc  Ui^ed  for  tea  in  Para|pay :  and  the  famous  black  drink  of  the 
Creek  Indians  Ls  prepared  from  the  leaves  of  Ilex  vomitoria  (Cas- 
sena)  ;  which  arc  still  used  as  a  substitute  for  tea  in  some  parts  of 
the  Southern  State.<. 

859.  Onl.  EbenaCfK  {Ebony  Family),  Trees  or  shrubs,  destitute 
of  milky  juice,  witli  alternate,  mostly  entire  leaves,  and  polygamous 
flowers.  Calyx  three-  to  six-cletl,  free  from  the  ovary.  Corolla 
three-  to  six-cleft,  often  pubescent.  Stamens  twice  to  four  times  as 
many  as  the  lobes  of  the  corolla,  inserted  on  them.  Ovary  three-  to 
several-celled ;  the  style  with  as  many  divisions.  Fruit  a  kind  of 
berry,  with  large  and  bony  seeds.     Embryo  shorter  than  the  hard 


m 
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937 


albimion.  —  Kv.  Diospyros,  the  Persimmon.  The  fruit,  which  is 
extremely  austere  and  astringent  when  green,  becomes  sweet  and 
eaUible  wlien  fully  ripe.  The  bark  is  powerfully  astringent.  Elh 
ony  is  the  wood  of  Diospyros  Ebenus  and  other  Afriam  and  Asiatic 
species. 

8G0.  Ord.  St}7acaees  {Storax  Family).     Shrubs  or  tre&i,  with  per- 


FIO.  933.  Perfect  flower  of  Diospyros  Vlrginiana,  the  Pemimmon.  931.  Tho  corolla,  laid 
oiK>n,  nnd  utameat.  935.  The  fruit.  936  Section  through  the  fruit  and  bony  seeds.  937. 
Vertical  section  of  a  deed.    938.  The  detached  embzyo. 
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feet  flowers.  Calyx-tube  generally  coherent  either  with  the  base  of 
the  ovary,  or  with  its  whole  surface.  Petals  oflefl  distinct  or  nearly 
so.  Styles  and  stigmas  perfectly  united  into  one.  Stamens  definite, 
or  in  the  suborder  SYMPLOCiNEiE  mostly  indefinite ;  filaments  more 
or  less  united.  Cells  of  the  ovary  opposite  the  calyx-lobes.  Other- 
wise much  as  in  the  last  family.  —  Ex.  Styrax,  Halesia^  Symplocos. 
Some  yield  a  fragrant,  balsamic  resinous  substance  ;  such  as  Storax 
and  Benzoin,  containing  Benzoic  acid.  The  sweet  leaves  of  our 
Symplocos  tincloria  afford  a  yellow  dye. 

861 .  Ord.  SapotaeeK  {Sapodilla  Family).  Trees  or  shrub?,  usually 
with  a  milky  juice ;  the  leaves  alternate,  entire,  coriaceous,  the  up- 
per surface  conunonly  shining.  Flowei-s  jKjrfect,  regular,  axillary, 
usually  in  clusters.  Corolla  four-  to  eight-  (or  many-)  cleft.  Sta- 
mens distinct,  inserted  on  the  tube  of  the  corolla,  commonly  twice 
as  many  as  its  lobes,  half  of  them  fertile  and  opjwsite  the  lobes,  the 
others  petaloid  scales  or  filaments  and  alternate  with  them :  anthers 
extrorse.  Ovary  4-12-celled,  with  a  single  ovule  in  each  cell. 
Styles  united  into  one.  Fruit  a  berr}".  Seeds  with  a  bony  testa, 
with  or  without  albumen.  —  Ex.  Bumelia,  of  the  Southern  United 
States.  The  fruit  of  many  species  is  sweet  and  eatable ;  such  as 
the  Sapodilla  Plum,  the  Marmalade,  the  Star-Apple,  and  other  West 
Indiim  si>ecies.  The  large  seeds,  particularly  of  some  kinds  of 
Bassia,  yield  a  bland  fixed  oil,  which  is  sometimes  thick  and  like 
butter,  as  in  the  Chce  of  India  (B.  butyracca),  and  the  African 
Butter-tree. 

8G2.  On).  HfjrsinaCfffi.  Trees  or  shnibs,  mostly  with  ahemate 
coriaceous  leaves,  which  are  often  dotted  with  gland-*,  and  with  all 
the  characters  of  Primulacea*,  except  the  drupaceous  fruit  and  arbo- 
rescent habit.  —  Nearly  all  tropiciil  (Ardisia,  Myrsine). 

8G3.  Ord.  PrifflDlaceS  {Primrose  Family).  Herbs,  with  ojiposite, 
wliorled,  or  alternate  leaves,  often  with  naked  scapes  and  the  leaves 
crowded  at  the  base.  Flowers  regular.  Stiunens  inserted  on  the 
tube  of  the  corolla,  as  many  as  its  lobes  and  opposite  them  !  0\ary 
free,  with  one  (lartial  exception,  one-celled  with  a  free  central  pla- 
centa !  Ovules  mostly  indefinite  and  amphitroix)us.  Style  and 
stigma  single.  Fruit  capsular:  the  fleshy  central  placenta  attached 
to  the  base  of  the  celL  Seeds  albuminous.  Embrj'o  transverse.  — 
Ex.  Primula  (Primrose),  Cyclamen,  AnagiUlis.  In  Samolus,  the 
calyx  coheres  with  the  base  of  the  ovarj',  and  there  is  a  row.  of 
sterile  filaments  occupying  the  normal  position  of  the  first  set  of 
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,  namely,  altemale  wilh  tlie  lobes  of  the  corolla, 
are  ornameolul  insult  Nation,  such  as  Primroses  and  Auriculas.    , 


8C4.  Oni.  Planl8ginn«e  (Plantain  Familt/).     Cliiefly  low  1     

with  small  spiked  flowers  on  scapes,  and  inbbe<I  radical  leaves.— 
Calyx  four-cleft,  persisleni.  Corolla  tubular  or  iirn-sha|>ed,  srarious 
and  persistent  i  the  limb  four-cleft.  Stamens  four,  rarely  two,  in- 
serled  on  the  tube  of  the  corolla  ullcmale  wilh  its  gcgmenls ;  the  per- 
sistent filaments  long  and  flat-cid.  Ovary  [wo-celled  :  style  wngle. 
Capsule  membranaceous,  circumcissilc ;  the  cells  one-  to  s^rerol- 
seeded.  Embrj-o  large,  straight,  in  fleshy  albumen.  —  Ex.  Plnntngo, 
the  Flanlain,  or  Ribgrass,  is  the  principal  genus  of  the  order.  Of  no 
nnportant  economical  qualities. 

8C5.  OnJ.  PIumlmginaceiE   {LeadwoH  Family).     Perennial  herbs, 
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or  somewhat  shrubby  plants ;  with  the  flowers  often  on  simple  or 
branching  scapes,  and  the  leaves  crowded  at  the  base,  entire,  mostly 
sheathing  or  clasping.  —  Calyx  tubular,  plaited,  five-toothed,  persist- 
ent. Corolla  salver-shaped,  with  a  five-parted  limb,  the  five  stamens 
inserted  on  the  receptacle  opposite  its  lobes  (Plumbago)  ;  or  else  of 
five  almost  distinct  unguiculate  (scarious  or  coriaceous)  petals,  with 
the  stamens  inserted  on  their  claws !  (Statice,  &c.)     In  the  former 
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case  the  five  styles  are  united  nearly  to  the  top ;  but  in  the  latter 
they  are  separate  !  Ovary  one-celled,  with  a  single  o\'ule  pendulous 
from  a  strap-shaped  funiculus  which  rises  from  the  base  of  the  cell. 
Fruit  a  utricle,  or  opening  by  fixe  valves.  Embrj'o  large,  in  thin 
albumen.  —  Ex.  Statice  (Marsh-Rosemary  or  Sea-Lavender)  and 
Armeria  (Thrift)  ;  sea-side  or  saline  plants.  They  have  astringent 
roots ;  none  more  so  than  those  of  our  own  JVIarsh-Rosemary  or  Sea- 
Lavender,  one  of  the  purest  astringents  of  the  materia  medica. 

866.  Ord.  Lfntibnlaees  (Bladderwort  Family).  Small  herbs,  grow- 
ing in  water,  or  wet  place?,  with  the  flowers  on  scapes  ;  the  leaves 
either  submen«ed  and  dissected  into  filiform  segments  resembling 
rootlets,  and  commonly  furnished  with  air-bladders  to  render  them 

710.  948.  A  flower  of  Pl&ntngo  major,  enlarged.  949.  Pistil  960  Captnk  (pyxli,)  with 
llw  nwreewent  corolla.    9CL  Crow-flection  of  a  pod  and  leedt.    9G2.  Vertical  flection  of  a  seed. 

JIQ.  9&3.  Corolla,  and  9G4,  calyx  of  Thrift  (Armeria  Tnlgarin).  966  PifltU  with  distinet 
flljlea.  936  CroM-flectkwi  of  the  pod  and  eeed.  967.  Vertical  section  of  the  orazy,  magnified, 
•o  ttow  the  OTuIei 
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baoyant,  somctiinea  eTanescent  or  wanting,  or  when  produced  in 
the  air  entire  and  somewhat  fleshy,  clustered  at  the  base  of  the 
scape.  Flowera  showy,  very  irregular.  Calyx  of  two  sepal-i,  or 
unequally  five-parted.  Corolla  bil&lnate,  peraonate ;  the  very  short 
tube  epurred.  Stamens  tw<^  inserted  on  the  upper  Up  of  the  co- 
rolla :  autfaera  coaflucntly  one-celled.  Ovary  free,  one-celled  with  a 
free  central  placenta  I  bearing  numerous  ovules.  Seeds  destitute  of 
albumen.^  Embryo  straight,  —  Sx.  Utricularia  (Bladderwort),  Fin- 
guicula.     Unimportant  plants. 

807.  Ord.  OnbuichatCS  {Broom-Rape  Family).  Ilerbs,  destilate 
of  green  foliage,  and  with  scales  in  place  of  leaves,  parasitic  on  the 
roots  of  oilier  plants.  Corolla  withering  or  persistent,  with  a  bila- 
biate or  more  or  less  irregular  limb.     Stamens  four,  <Udynamous, 


inserted  on  the  corolla.     Ovary  free,  one-celled,  with  two  parietal 
placcntce !  which  are  often  two-lobed,  or  divided.     Capsule  enclosed 

Fia.  ess.  Dnixh  of  EplptwgiuTirglnkiii  (Bncb-dinpB),  neulroTtba  natanl  da:  ttu 
low«  Sonn,  with  ihort  impcrfMt  ninillu,  alsiic  pnduciDg  ripe  sesdi.  S59.  A  flonr  ta- 
lugcd.  esa,  Longitucliiul  (kUod  of  liu  uma.  661.  Lon^tudiDal  mrtlun  of  tba  onij,  uon 
■Ba£iiUlFd,  •bowing  one  of  Ur  pulcUl  placeDtie  coTtnd  vith  midiiu  oinln.  OGl.  Canntt- 
Una  of  Un  oiiw,  ibDWIng  tbe  two  pu<eBI  pUcentie,  9S3  A  bi^r  nugDUsJ  nBd.  9U. 
SccUdd  of  Uw  w».  fibibltlDe  tbe  mlDute  «Dbr;o  ueit  tbe  bUiim. 

FtO.  963.  Aphilkw  UDiBomm.  9GG.  A  flower  ibout  tbe  ilH  of  nsture.  907.  Tbe  bhm 
liid  open,  (bming  tbe  dldjrDuuDiu  stuDtiu  Mil  Ibg  pittU.  9E8,  AnugniOeautbK.  Sei.  A 
DUpiUled  seed.    STO.  SoMkis  oT  Uh  tuna. 


EXOGENOUS   OR  DICOTYLEDONOUS  PLANTS.  447 

in  the  persistent  corolla.  Seeds  very  numerous,  minute.  Embryo 
minute  at  the  extremity  of  the  albumen.  —  Ex.  Oit>banche,  £pi- 
phegus  (Beech-drops),  &c  Astringent,  biUer,  and  escharotic  The 
pulverized  root  of  Epiphcgus  (thence  called  Cancer-root)  is  applied 
to  open  cancers. 

8G8.  Ord.  GesneriaMS,  consisting  chiefly  of  tropical  herbs  or  tender 
shrubby  plants,  with  green  foliage  and  showy  flowers,  the  calyx 
often  partly  adherent  to  the  ovary,  agrees  with  Orobanchaoea)  in  the 
parietal  placentation,  structure  of  the  seeds,  &c.  Many  are  culti- 
vated in  conservatories  for  ornament,  such  as  species  of  Gloxinia 
and  Achimenes. 

869.  Ord.  BignODiaceS  {Bignonia  Family),  Mostly  trees,  or 
climbing  or  twining  shrubby  plants,  with  large  and  showy  flowers, 
and  opposite,  simple,  or  mostly  pinnately-compound  leaves.  Corolla 
with  a  more  or  less  irregular  five-lobed  or  bilabiate  hmb.  Stamens 
five,  of  which  one,  and  often  three,  are  reduced  to  sterile  filaments 
or  rudiments  (Fig.  409),  or  four  and  didynamous.  Ovary  one- 
celled  with  two  parietal  placenta;,  or  two-celled  by  a  false  partition 
stretched  between  the  placentae,  or  rarely  by  their  meeting  in  the 
axis.  Pod  two-valved,  many-seeded.  Seeds  winged  (Fig.  601), 
destitute  of  albumen.  Cotyledons  foliaceous,  flat,  heart-shaped,  also 
notched  at  the  apex.  —  Ejc,  Bignonia,  Tecoma  (Tiiimpet-creeper), 
Catalpa,  and  other  tropical  genera.  Of  little  importance,  except  as 
ornamental  plants. 

870.  Sobord.  jesames  (Sesamum  Family)  has  few  and  wingless 
seeds ;  the  fruit  generally  indurated  or  drupaceous,  often  two-  to 
four-homed,  sometimes  perforated  in  the  centre  from  the  dissepi- 
ments not  reaching  the  axis  before  they  diverge  and  become  pla- 
centiferous,  and  spuriously  four-  to  eight-celled  by  the  cohesion  of 
parts  of  the  placentae  with  the  walls  of  the  pericarp.  —  JEx.  Sesa- 
mum, Martynia  (Unicorn-plant),  and  a  few  tropical  plants.  They 
are  mucilaginous ;  and  the  seeds  of  Sesamum  yield  a  good  fixed  oil. 

871.  Sobord.  CreuentieS)  consists  of  the  Calabash-tree  (Crescentia 
Cujetc)  and  a  few  allies,  among  them  Parmentiera  edulis,  the  Can- 
dk-tree  of  Panama,  which  also  have  wingless  seeds.  The  subacid 
palp  of  the  gourd-like  fruit  is  edible ;  the  hard  shell  is  used  for  bot- 
tles, or  calabashes, 

872.  Ord.  Acaothaees  (Acanthus  Family),  Herbs  or  shrubby 
plants,  with  bracteate  showy  flowers,  and  opposite  simple  leaves, 
without  stipules.     Corolla  bilabiate,  or  sometimes  almost  regularly 
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five-lobwl,  convolulc  in  lesHvation !  Stamens  four  and  didjnnmoiu^ 
or  only  two,  tlie  Bnlcrior  pair  being  abortive  or  obsoli'ie.  Ovarjf 
two-celled,  with  llic  plncentte  in  the  axis,  oflen  feiv-ovuli?iL  Seedt 
(eomelimes  only  one  or  two  Jn  each  ceil)  usually  supported  by 
I  hooked  processes  of  tlie  placenta,  destitute  of  albumen.  The  classi- 
cal Acanthus  is  llie  ly[>e  of  this  large  and  cliiefly  tropical  order:  its 
gracefully  lobed  and  sinualed  leavea  furnished  Ihe  ornament  of  iLe 
Corinthian  eapittil.  They  are  emollient  plants,  or  eome  of  thera 
bitter  or  slightly  aurid  :  of  lillle  ecooomieal  use.  Several  are  cult!* 
vated  for  omiunent, 

873.  Orii.  ScrophulBriareiT   (Figirorl  Family).      Herhs,  or  some- 
B  sliruhby  phuil*,  with  opposite,  vertidllatc,  or  alternate  Iwtvei. 


Corolla  bilabiate,  or  more  or  less  irregular  j  the  lobes  imbrii 
festivation.     Stanictis  ibur  and  didynamou^  {^'S-  ^^'')r  tlie  Gfth  or 
upper  stamen  sometimes  appearing  in  the  form  of  a  sttrile  filament 


Calyx  and  aljle  of  ths  u; 


.    dTl.  CdtdIIs,  of  tbn  nitunl  idH,  li 


1  ila.    9TS.  Corolli 


pan,  phovliig  thi 
11  u  the  pIbUI.  ffn.  The  fofttt 
Unull  (TiMdau), 
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(Wig.  408),  or  very  rarely  nnlheriferous,  or  often  only  two,  one 
pair  being  rithcr  BOppreweil  or  reduced  to  sterile  filaments.  Ovary 
free,  two-ecllcd,  wllli  the  placenlcB  unilcil  in  ihe  axis.  Capsule  Iwo- 
Tilved.  Si-eds  indefinite,  or  sometiines  few,  albiimiiious.  Embryo 
BnMll.  —  Sr.  Sero|ihii]aria,  Verbaacum  (Mullein,  which  'a  remarkable 
tar  the  almost  re^lor  corolla,  and  the  five  often  nearly  perfect  sla- 
mens),  Linario,  Autirrhinnm  (Snajidnigon),  &c. — The  plants  of  tliis 
large  and  important  order  are  generally  to  be  suspected  of  delete- 
rious (bill«r,  acrid,  or  drastic)  properties.  The  roost  important  me- 
tHcinal  plant  is  tlie  Foxglove  (Digitalis  purpurea),  bo  Teniiirknblc  for 
its  power  of  lowering  the  puUe.  Numerous  Epocies  ore  cultivated 
for  ornament, 

874.  Ort.  TerbenateB  ( Vfrvain  FamHy).  Herbs,  shrubs,  or  often 
trees  in  tlte  tropics,  mostly  with  opposite  leaves.  Corolla  bilabiate, 
or  ibe  four-  or  live-lobcd  limb  more  or  less  irregular.  Stamens 
BOBtly  four  and  didynamous,  occasionally  only  two.     Ovary  free, 


entire,  tvo-  to  four-celled.  Fruit  dnipaceous,  baccate,  or  dry,  and 
filing  into  two  to  four  iadebiscent  one-seeded  portions.  .Seeds  with 
Utile  or  no  albumen.  Embryo  siniight,  inferior.  —  Rr.  Verbena 
(Vervain)  is  llie  principal  representative  in  cooler  regions.  There 
m  many  others  in  Ihe  tropies ;  one  of  which  is  the  gigantic  Inilinn 
Tttit  (Teclonn  grandis),  remarkable  fur  its  very  heavy  and  durable 

fflO.  979  ui4  980,    riowvr  of  ft  VrtbcnA  eDluE>d.    G61,  ^w  corollft  hid  opm-    tfiX  PktiL 
or  Ibt  JWJDE  fruit  ud  Om  cosMiied  mOl    Wt.  Frail 

S.  CnM-KFiloDor  o»orUi*»rd,uid>nRti«JiMlled  at 
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wood.  TIm?  leaves  of  Lippia  cltridora  of  the  gardens  j-ieltl  un  a^«fr 
able  perfume.     Olliers  are  bill«r  and  aronialie. 

875.  Subord. !  PhrymaretB  (founded  on  I'hrjma,  of  a  single  spedea) 
is  separalcd  on  account  ol'  itd  simple  pistil,  uniomlate  ovary,  efurallj 
convolule  cotyledons,  and  superior  radicle. 

67G.  Onl.  LabiatOB  {Labiate  or  Mint  Family).  Herbs,  or  some- 
what shrubby  plants,  with  quadrangular  Bteras,  and  opposite  or 
sometimes  wborled  leavCK,  replete  with  receptacles  of  volatile  oiL 
Flowers  in  axillary  cymulea,  rarely  solitary.  Corolla  bilabiate  (Fig. 
458).  Stamens  four,  didjimmous,  en-  only  two,  one  of  the  pairs 
being  abortive  or  wanting.  Ovary  free,  deeply  four-lobed ;  Uie  cen- 
tral style  proceeding  from  between  tlie  lolw?.  Fruit  consbting  or 
four  (or  fewer)  little  nnta  or  achenia,  included  in  the  persislenl 
calyx.     Seeds  with  little  or  no  albumen.  —  JSx.  The  Sage,  Rose- 


mary, Ijavender,  Tliymc,  Mint,  &c.  are  familiar  representativi 
thia  universally  recognized  order.  Their  well-known  coi'dial,  aro- 
matic, and  stomachic  qualities  depend  upon  a  volatile  oil,  containMl 
in  glandular  receptacles  which  abound  in  the  leaves  and  other  her- 
baceous ports,  with  which  a  bitter  principle  is  variously  mixed. 

877.  Ord.  Borroginacete  {Borage  Fajnilii).     Herbs,  or  someiimes 
diTubby  plants,  with  round  stems,  and  alternate  rough  leavea ;  the 


r\a.  pes.  Fiowcr  or  Nepc 

kOthm  of  Oha  pilr  cf  iiEjkmi 
■mplniaule  (D»a  NetUt},  li 
conlli  of  ScuUUula  gBli'ricuJ 


.  IQlixhDms)  h«d«v«,  or  Orotind  It;.  DBS.  Appmlmti 
1.  mifnUed.  090.  Vloirer  at  >  I^unlnoi.  991.  CimUi  °r  L. 
open,  ibowinf  VOb  dldjmuiioiia  bUiuvdi,  ftc.  993.  OOjl  ■■! 
ap].    9D3.  BKUsnorUucnteiEednlTXCiriUBiH, 


.    OM.  C 


unrlag  tlwBBbi}a.  0S8.  Flower  oT  Xwiim  Cki 
Wl.  HigidlM  uUier  of  tlia  xmc.  SOS.  Stamni  o(  Um  Tbjme.  990.  Ftoro'  at  M 
lOOa.  UigiiUlriiiittiaorU»iiun«.  10(11.  Flowgrorii8d>i(;  Ch* calji u mtl u ^ 
bUiUifai.    1002.  UignlBtd  ituBen  of  tlw  ude,  vHh  nUdf  Hpsmtod     iilli  ii  ittk. 

whicti  (a)  [>  pnUiDiTonnlJ,  tbo  otbM  |e]  imperttct. 
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flowers  often  in  one-aided  scorpioid  clusters  (407).  Calyx  of  five 
leafy  and  perustent  Bepak,  more  or  less  united  at  the  base,  regular. 
Corolla  regular ;  the  limb  five-lobed,  oflen  with  a  row  of  scales  in 
tlte  throat  Slamena  as  many  as  its  lobes  and  alternate  with  them. 
Ovary  deeply  four-lobed,  the  style  proceeding  from  the  base  of  the 
kibes,  which  in  fruit  become  little  nuts  or  bard  achenia.  Seeds  with 
little  or  no  albumen. — Sx.  Borage,  Lithoapermum,  Myosotis,  Cyno- 
^ossom  (HoundVTongue),  Heliotropium,  &c  In  Echium,  the  limb 
of  the  corolla  is  somewhat  irregular,  and  the  stamens  unequal.  In- 
nocent mucilaginous  plants  with  a  slight  astringency :  hence  demul- 
cent and  pectoral ;  as  the  roots  of  the  Comfrey.    The  roots  of  An- 


chnsa  tlnctoria  (Alkanet)  and  Lilhospermnm  canescens,  Ice.  (used 
by  the  aborigines  under  the  name  of  Fuccoon)  yield  a  red  dye. 

878.  Bnbord.  t  CordiarCB  consists  of  tropical  woody  plants,  with 
the  ovaij  entire  (not  four-lobed),  but  in  fruit  drupaceous  or  dry  and 
indehiscent,  four-eeeded.  The  cotyledons  of  Cordia  are  plaited  Ion* 
gitudinally  (and  are  oflcn  edible),  and  the  style  is  twice  forked. 

879.  Ord.  HfdropbfllBCtS  ( Waier-Uaf  Family).  Herbs,  usually 
with  alternate  and  lobed  or  pinnatifid  IcaTes ;  the  flowers  mostly 
in  cymose  clusters  or  unilateral  racemes.     Calyx  five^eft,  with  the 

no.  1008.  HjiaMli,  n  runM-BW-Dst.  1001,  Ths  rotate  cwDlk  Ud  «|mb,  tboirtBC  lb* 
MdBaft)i«lfaniu,udt1wilianitameiii.  1006.  TlH|ikiUI,irlt)>ltilbaF4ob*dOTiiT-  ICM. 
Tka  csIti  In  tnM;  two  of  tbaUlUs  ddU  ta»iii(  Uleti  un;  Fnni  Iba  reccptielt.    lOOT.  B«- 
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Binuses  of\en  appendngcd,  perslslenl.  Corolla  regular,  imlmcated  gr 
convolute  in  Eestivalion,  usually  fiirnislied  with  gcalca  or  honey-bcnr^ 
ing  grooves  inside ;  tho  five  slamcna  inserted  into  its  base,  alttrniate 
with  tlie  lobes.  Ovary  free,  with  two  parietnl  placentx,  wliicU  in 
Hydrophylluni  dilale  in  the  cell  and  appear  like  a  kind  of  inner  peri- 


carp in  the  capsular  fruit.  Stylos  portly  united.  Seed*  1 
sometimes  numeroui^,  amphilropouB,  cruslaceoui'.  Embryo  email, 
in  hard  albumen.  —  £c.  Hydrophyllum,  Nemopliila,  and  Phax^elia; 
nearly  oil  Nortli  American  plants,  some  of  them  handsome  and  now 
well  known  in  cultivation.  To  tliis  order,  as  a  tribe,  is  now  joined 
the  HYDROLBif:  (formerly  tJie  order  Hydrotfacea),  having  oAen 
entire  leaves,  two  distinct  styles,  a  commonly  two^^elled  ovary  by 
the  union  of  the  two  placentm  in  tlie  axis,  and  numerous  seeds 
with  a  fleshy  albumen.  These  are  chiefly  tropical  or  subtropical 
herbs,  or  low  shrubs. 


no.  1010.    KjdioWvUiun  Tl^nlctmi.    1011.  A  Bowa,  vttt\J  of  tba  Ditml  A 
CorolU  Uld  open.    1013.  Cupnulo,  vILh  the  pmliUut  nlft  sua  ■(jla.    1014.  Hlgnl 

IDIG-  BmUod  af  tbe  nmo.    1010.  HlghJ;  iiiigaiai>d  cmbrra. 
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880.  Old.  PoIemODlaCfB  (PoUmomum  Family).     Herba,  with  alter. 
Date  or  opposite  leaves,  and  panicled,  coiTmboee,  or  clustered  flow- 


ers.    Calj-x  five-cleft.     Corolla  regular,  with  a  five-lobcd  limb,  con- 
volute in  testivation.     Stamens  five,  inserted  on  the  corolla  alternate 


with  its  lobes,  often  unequal.    Ovaiy  free,  three-celled,  with  a  thick 

no.  lOlT.  Flmn  of  Palsnoclnn.  10]B.  riomn  oT  Phlai.  lOlS.  Conlli  of  tin  aiu, 
Md  <i»,  dmtng  th*  laiBtu  nnrqcwU;  InHiMd  sa  ll>  tuba.  10X1.  Plitll  at  th*  mat. 
MBL  Ctmi  mUm  of  tbi  aptola  of  PohooBliiBi.  VHS.  Cnia-ieeani  of  k  mifnlAad  trrO. 
lilB3.PerpntdlentuBcaaDortlHiuH.  ICOI.  U>cnianl«nbi;o.  II 
tililii  ml  spnie  of  ColkuU.     1020,  IDZT.  Capnili  of  LrpUalictjIas. 

no.  1038.    FjilduIfacnbuiniUMiCftfacPliia-buTiiiuof New Jtr 
FWil,  In  frail,  ud  air*,  mlmitei.     1030.  CoroUi  idiI  lUinnu.    : 
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axis,  bearing  few  or  numerous  ovules :  etjks  united  into  one :  stig- 
mas lUree.  Capsule  three-valved,  loculiddal  j  the  valvea  also  usu- 
ally breaking  away  from  a  thick  central  colunm  which  bean  Uie 
seeds.  Embryo  straight,  in  fle^jhy  or  homy  albumen.  —  Ex.  Pole- 
monium  (Gretk  Valerian),  Phlox,  Gilin.  Chiefly  Nonh  Amer- 
ican ;  many  are  very  common  omMmental  plants  in  cultivation.  To 
thia  order  Diapensia  and  Pyxidanthera  (formerly  the  order  Dta- 
pensiaeeir)  are  now  appended,  with  eome  doubt.  They  are  two 
low,  tnfted  or  prostrate,  auffrutieose  plants,  with  crowded  and  ever- 
green, heath-like  leaves,  and  solitary  flowers :  their  principal  peculi- 
arity is  found  in  the  transversely  dehiscent  anthers. 

881.  Ord.  ConvolTnlateS!  {Convolvuhit  Familij).  Twining  or  trail- 
ing herbs  or  shrubs,  with  more  or  less  milky  juice  ;  the  leaves  alter- 
nate, and  the  flowers  regular.  Calyx  of  fii-e  imbricated  sepalfi,  per- 
sistent Corolla  supervolute  in  testivation ;  the  Umb  often  entire 
(Pig.  452).  Stamens  Ave,  inserted  on  the  tube  of  the  corolla  near 
the  base.  Ovary  free,  two-  to  four-celled,  with  one  or  two  cre«S 
ovules  in  each  cell.  Capsule  two-  to  four-  (or  by  obliteration  one-} 
celled ;  the  valves  often  falling  away  from  the  persistent  di&^epi- 
menla  (septifragal.  Fig.  587).  Seeds  large,  wilh  a  little  mudjagi- 
Doua  albumen ;  embryo  curved,  and  the  foliaceous  cotyledons  usnallp 


Cpompled  (Fig.  122,  123).— .Ec.  Moming-Glory,  Bindweed.    Thej 
contain  a  peculiar  strongly  pui^tivc   resinous  matter,  which  u 

FIO.  1035.    Ipomin  purpim.    1039,  TbeplfOL    1037.  BmiIdii  nf  tbt  npnii.  u4  of  Uh 

Iba  diucplnwnU ;  mi  omol  Ibc  KeJi,    1039.  MienUlfd  cma-wiCbia  of  ■  ivxt.    I'tO.  fto- 
brrD,iikh(h<ilBifllkBlvo-lDb*acot>I«lDniipnitaaut.    IMl.  Stiu,  witb  Ibi  twa  tvtjMlw 
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J  found  in  their  tliickcned  or  tuberous  roolg.  Convolviiliia 
Jniapa,  and  other  Mexican  sjtecias,  furnish  the  Jalap  of  the  »iliops. 
Tbo  more  drastic  Scammony  is  derived  from  the  roots  of  C.  Scam- 
monia  of  the  Levant.  There  ia  much  less  of  this  io  those  of  Con- 
volvulus paiiduratua  (Man-of-the-Enrtli,  Wild  Polalo-vine) :  wliile 
those  of  C.  maci'orliizus  of  the  Southern  SiaIcs,  wliich  sometimes 
wei^i  forty  or  tifly  pounds,  ni%  farinaceous,  with  so  slight  on  ad- 
mixture of  ihia  matter  as  to  be  quite  inert ;  as  is  also  Ilie  case  with 
the  Batatas,  or  Sweet  Potato,  an  important  article  of  food.  —  To  tliia 
familj  are  np|icndcd,  as  tribea  or  suborders, 

882.  Snbord.  Difhondreff.  Ovaries  two  to  four,  eitlier  entirely 
distinct  or  with  their  basilar  styles  more  or  less  united  in  pairs. 

Creeping  pluiits,  ivitli  axillary,  scape-like,  one-flowerod  peduncles 

Bx.  Dicliondm. 

883.  Sabonl.  CnscnltaeED.  Ovary  two-celled ;  the  capsule  opening 
by  circumcissile  debiscence,  or  burBlii)g  irregularly.  Embrjo  fili- 
fcrm,  Bud  spirally  coiled  in  fleshy  albumen,  destitute  of  cotyledons  \ 


Parwitic,  leafless,  twining  lierbs,  destitute  of  green  colon     Stamens 
WBftHy  furnished  with  fringed  scaler  within.  — Ejs.  Cuscuia  (Dodder). 
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884.  Old.  SolinutB  {NighUhade  FamOy)  diSers  &om  ScrofAn- 
laiiaccie  chiefly  in  the  regular  (mrely  EMnewhot  imgular)  floweia, 
with  as  many  fertile  Btamena  as  there  are  lobes  to  the  corolla  (four 
or  five),  and  some  form  of  the  plaited  or  valvate  KStiTatitni  of  the 
corolla.  Fruit  either  capsular  or  baccate.  Embryo  etender,  mostlj 
curved,  in  fleshy  albumen  (Fig.  614,  615). — The  fruit  of  Datura 
is  spuriously  ftnir-ceUed. — Stimulag^  narcotic  properties  pervade  the 
order,  the  herbage  and  fruits  of  which  are  mostly  deleterious,  often 
violently  poisonous,  and  fumiab  some  of  the  most  active  medi- 
cines t  such  as  the  Tobacco,  the  Henbane  (Hyoscyamus  niger),  the 


Belladonna  (Atropa  Belladonna),  the  Thom-apple  or  Jameslomi 
Weed  (Datura  Stramonium),  and  the  Bittersweet  (Solanum  Diilcn- 
mara).  Yet  the  berries  of  some  Solanums  are  eatable  (as  Toma- 
toes, the  Egg-Plant,  &c.),  and  the  starchy  tubera  of  llie  Potato 
are  a  great  staple  of  food.  But  the  fruit  and  seeds  of  Capsicum 
{Cayenne  pepper)  are  most  pungent  and  stimulant. 

88^.  Ord.  GeoUaDaceffi  {Geniiaii  Family).  Herbs,  with  a  watery 
juice ;  the  leaves  opposite  and  entire.  Flowers  regular,  often  slwwj- 
Calyx  of  usually  four  or  iivc  persistent,  more  or  less  united  sepals 
Corolla  mostly  convolute  in  estivation ;  the  stamens  inserted  on  i(3 
tube.     Ovary  one-celled,  with  two  parietal  and  muny-ovuled  pin- 


no.  IMS.    FlowfrDtTo1wci>(NlcDUini  TiUewn). 


IIKO.  Tho  upnle,  debkKcnt  ■(  tM 
iHuinv.  1062.  lltgnifiHlHcUaai^ 
t.    VXA.  Iniit  (p/iii)  at  Ui*  lU* 


EXOGEKOUa    OB   DICOTTLEDONOC3   PLASTS. 


J,  Eometimea  Ilie  ovulea  dispersed  over  Ihc  whole  caTily  of  the 
ovary,  or  nearly  so.  Capsule  many-seetled.  Secd.s  often  very  snwll, 
wilh  fleeliy  albumen  nnd  n  minute  embryo.  —  Ex.  Gentiana,  FmBera 
(tfao  Amrricnn  Coluintio).  A  pure  bitter  and  tonic  principle  ( On- 
Hanint)  pervndt!^  the  whole  or^Ier.  Genliaiia  lulea  of  Middle 
Europe  funiislies  the  oflieinal  GeriU'an,  fur  whieh  almost  any  of  our 
spcciea  may  be  substituted.  The  above  applies  to  the  proper  Gen- 
tian Family.     Obolarin  differs  in  tlie  imbricalivc  aestivation  of  the 


corolla :  aa  to  the  ovules  lining  the  whole  cavity  of  the  ovary,  this 
is  ab<rihe  case  in  Bartoniu  (CentaurcllA,  Wchx.),  and  in  »omc  Gen* 
tians.  —  Tlic  Buekbean  is  the  type  of  the  tribe  MENYAXTiiiDEaG, 
which  lias  alternate,  sometimes  trifoliolate  or  toothed  leaves,  and  m 
valvale-induplieaie  ustivation  of  the  corolla. 

886.  Ord.  UpocyoattlE  {DogLane  Family),  Trceit,  ehruh^,  or  herbn, 
with  milky  juice,  and  opposite  entire  leave,*,  without  Klipules. 
Flowers  regular.  Corolla  five-lobed,  mostly  convolute  or  twisted 
ffi  >«tivalion.  Filaments  distinct;  tlie  anthers  sometimes  eli^lly 
connected :  pollen  jiowdery.  Ovaries  two.  distinct,  or  rarely  syn- 
cvpous,  but  tlicir  styles  or  Eligmas  combined  into  one.  Fruit  com- 
nonly  n  pair  of  two  follicles.  Seeds  often  with  a  comn.  Kmbryo 
large  and  eiraighl,  in  albumen. — Er.  Apoeynum  (Dogbane),  Vinca 

RO.  UGS.  FlDnrofGontluuiufiulUbUi  lOST- ConlU,  ud  1068,  Ih*  alji.  hid opa. 
MM.  n>*  pliUI.  UXiO.  CiM  »(tkm  of  Uie  plitll,  iboMnc  tba  pukOI  ilUcIuwal  ol  Om 
•nlo.  lUGl.  lUpa  mpnla  oT  O.  upouHit,  nlanl  on  >  Ulpg:  Ilu  penbUDt  wIIIhiIbs 
(gnUa.  ke  Uin >T»Ji.    lOOS.  A  mipilficdfcnl,  irKb  its  lnrgcaBil  leoHteMa.    10eS.I>iitBt 
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(PeriwiDkle),  Ncrinm  (Oleander),  and  a,  great  number  o£  tioptai 
Bhnibs  and  trees.  In  nearly  all,  the  juice  is  drastic  or  posOfMUs; 
it  often  yields  Caoutchouc  ;  which  in  Sumatra  is  obtained  from  Ur^ 
ceola  elastics,  and  in  Madagascar  from  Vahea.  Strangely  eoon^ 
some  species  jield  a  sweet  and  harmless  milk,  such  as  Tabem»- 
montana  utllis,  one  of  the  South  American  Cow-trees.  Also  the 
fruit  of  several  species  is  edible  and  even  delicious  ;  that  of  others 
is  a  deadly  poison.     One  kernel  of  Tan^iiaia  venenifeim  <£  Had- 


agascnr  will  kill  twenty  people.     The  inner  baric  of  Dogbane  mak« 
a  strong  cordage,  whence  its  luimc  of  Indian  Hemp.  • 

887.  Ord.  ASflrpiadaeftE  {Milkweed  Family).  Herbs  or  shrubi, 
with  milky  juice,  and  mostly  opposite  cniire  leaves ;  mainly  differ 
ing  from  the  preceding  order  (as  tliey  do  from  all  other  Exogenous 
plants)  by  the  peculiar  connection  of  tlio  stamens  with  the  stignui, 
and  the  cohesion  of  the  pollen  into  wax-like  or  granular  masses, 
which  are  attached  in  pairs  to  five  glands  of  the  stigma,  and  re- 
moved from  the  anther-cells  usually  by  the  agency  of  insects  (Fig. 
£41  —  545).  Fruit  consisting  of  two  follicles.  Seeds  usually  with 
a  silky  coma  and  a  large  embryo.  —  Ex.  Asclepias  (Milkweed,  or 
SUkwced).  The  juice  of  the  A.  tuberosa  (Pleurisy-root,  Butterfly- 
weed)  is  not  milky.  In  all,  it  is  biller  and  acrid,  and  contains 
Gaotttchouc.  Tlie  roots,  &c.  are  dinphorciic,  emetic,  or  cathartic. 
Tiie  inner  bark  yields  abundance  of  very  long  and  fine,  extremely 

no.  lOM.    ApWTDiun  udmHenlfeliqin.    1066.  Flowrr,  of  tb»  nitunl  ibs.    MMB.  Sl»- 


EX0OESOU3  OE   llICOTn.EDO.VOU8   PLANTS, 


g  fibre*.     The  singulnr  Blniclure  of  Hit;  biossom  mny  be  loamed 
from  Fig.  (ill  -545,  ami  the  Bubjoineil  illustnilions. 


.  Old.  JasniaouiC  (Jessamine  Family)  consists  of  a  few  chiefly 
»  »linit)s,  Willi  compounil  leaves  and  fragrant  flowers ;  diffcr- 
i  Oleaceffi  by  ihe  jiiibrif«tol  or  twisted  icslivntion  of  tbe 
(Ueriform  corolla,  tbe  erect  seeds,  &c. — Ec.  Jasminiim,  the 
Cultivated  for  ornnmeiit,  and  for  tbeir  very  fragrant 
atf.  —  Menodora,  or  Bolivtvria,  baa  mostly  simple  leaves  and 

n  cacb  cell,  but  evidenlly  pertiiius  to  Ibis  order. 
.  Ord.  OleactS  (Olive  Family).     Trees  or  Bhrub*,  with  oppo- 
l.  leaves,  eitber  Eimjile  or  pinoatc.     Calyx  per^^tent.     Corolla 

vrmiiua  MUIcuHd  (Ascleplu  Cornntll.    1070    Kiful»l 

ed ;  >boii§iig  tbe  (Umloisl  cimn.    1073.  Ona  of  U»  bsod- 

im  cUbt  l*l(a  nmoml  ud  M*a  tMeviw,  with  It*  lucludtd  pKxvM  or  ban. 

■H«,lb(IUckitigmvimriei,  ke.    ]0;i.  FloinTaitb  tbcrilji.  uul  tbe  fSiIIUied  <iii;u«lii( 

MtaTiibleli  Uwiolniif  poUm-muH*.  ddscbed  ftmn  the  mnlbcmlLi.  biog  bf  Ili^Ttillu  or 
«Hidfarle  fnxD  ■  Eksd.  1075.  Fruit  ((arikkl  of  Ibe  Cooiniaa  UUkneecJ.  vm.  CiwrncVkm 
*t  Oa  mi,  tn  n  tvir  nal*,  lOTT.  DetKtml  plHcnU  to  hull,  wrend  ollli  weiit.  lOn. 
Jj^fcol  Kn»l.  witta  Iti  mnm  IOT»  Section  of  Uw  wd,  pusllel  with  tbt  eotjledm 
^  TdUnl  Hctlsn  ef  Uu  eeed  petpcDlkolu  10  the  ttee  of  Uu  cotjledou. 


^..  .:'  ::.■-■  Afh,  U  bittiT.  s 
I—  T' c:  ;!;■;  inink  of  Fraxi 
.'  rf~::i-ra  ai'pi'aw  to  repr 


.— -VpETALOrS  ExOGESOl-3   Pi 

■-    ioral  envelopos  confuting  of  a 
_«:.  -niinjlTwrnitinj. — Many  of  tli 
-■'•■u'liia  tiunilici;  a*  PliyioUui'ai.'otc', 
i;itiRu,ta;  to  Ericaii'sp.  tSci.'. 


-si-^cTrs  OP  THE  Orders. 

i_-.  I  .vnspicnous  or  coloivil  most! 
,^    auiiT^vukd.     Cupsulu  or  berry  i 

. .     r  ■h.tI*  polTgamoos.    Calyx  eor 

'.■»  B-fi  ktodJ  Ihc  oracy,  tli<^  cx|>anil 

■t    ^M  iwrfistcol,  and  roniiiti<;  on 

.  • .  IK  ntv-RNJcd  acltcotum  or  ulriclu. 

«,,   ixtr'rs; fome albmncii.  —  Leaves ■ 


EXOGENOUS   OR 


4GI 


B*9ELLACBJE. 


Ctl/s  coTollinc,  double.    Stamens  perig}^ou9. 

ColfX  not  curolliDB  :  no  acarious  briKts. 

CnJjTi  Bnd  bracts  scnrious,  sometiiues  colored.  Auaraktacbje. 

8lipult»  ^e&thing.    Cojyx  coroUiiic.    Ovule  oilliotropoas,    PoLTOoiC4CB.a. 

Grvip  i.    Flowm  pcricrt,  polrgaiuon!!  or  diccclous,  not  disposed  in  toncntt, 

wilfi  n  nriipilar  and  onen  pclaloid  colrx.      Sivlu  or  atigmft  one.     Ortrj 

onc-ccUcd,  iviih  one  or  few  ovules :  bui  tho  fruit  ooe-colled  and  on&^ecdod. 

£aibf%'0  not  coiled  around  albamcn.  —  Trees  or  shrulia,  rorelj  herbs. 

CalfX  free  from  tbc  onirv,  and  not  enveloping  the  fruit. 

Flowers  potygnmo-diceeious.    Anthers  opening  by  ralres. 

Tlowon  pcrfeet.    Anthers  opening  longitudinal I7. 

CaXjx  fieo,  bat  baccato  in  fruit  and  enclosing  the  Bchcninm. 

(Ujx  adllBle  to  the  ovary.    Ovule  destitute  of  ixiala. 

0<rolu  Mveml,  pcnduloua  from  a  »lipc-like  placenta.  Santaiuce.s. 

Ovute  solitary,  BBSpended-    Parasitic  shrubs.  LoBiNTaici^ 

Gbap  S.  Flowers  perfect,  in  spikes  nhieh  ol^co  appear  tike  amenls,  nclilaoifde- 
ona.  Ovaries  solitary  or  several,  with  one  or  few  vren  or  ascending 
oRbotmpout  ovules.  Embryo  minute,  enclosed  in  a  persistent  «mbri-o^ac 
K  the  nptx  of  iho  albumen.  —  Herbs  or  shrubby  plants,  with  tumid  nodes. 

Otwrone,  onoovaleC    Stipule  opposite  tlioIeaTornoDO. 
OrniH  more  than  one.    Stipules,  when  present,  iu  pairs. 


LtUBACSX. 

Ththelacix. 

ElMJiOHACKX. 


PlJ 


Gmp  $,    Flowers  perfect  or  diclinous,  rrccgncnlly  dcilituio  of  both  celj-x  and 

corolla.  —  Submersed  or  floating  aquatic  herbi. 
Plowsn  monncions.    Fruit  onc.cclle<l,  one-sccdcd.  CEitATr>pRTi.iArK.s. 

Flowers  mostly  perfect.    Fruit  four-celled,  four-seeded.  Callitbiciiace-e. 

Jtow«n  mostly  perfect    Pod  Beveml-celled,  scveml-aeed«d.      FoDOfttMtcxm. 


OrMp  7.  Flowers  monfecions  or  diavions,  not 
or  drnpaceons,  nitli  two  or  more  cells,  and 
each  nil.    Embrj'o  straight  iu  the  axil  of  the  albumen. 


taceoos.    Fruit  capsular 
(or  rarely  two)  seeds  in 


Vnit  moatly  dry.   *Julee  milky,    Pollen  simple.  EurnaRBiAcu. 

Fnu't  druiMiccous.    Pollen  compound  ;  Iho  grains  in  fours.  Eufetbaces. 

Grmp  S.  Flowers  mcncceiouB.  diirciona,  or  polygamoiis,  with  a  rcgolar  caly* 
which  is  free  from  the  one^'clled  (or  rarely  two-celled)  ovary  anil  one- 
Mcded  fniit  (nchcnium,  dmpc,  or  lamnra),  but  somt<lime9  enclosing  it. 
Smbryo  curved,  or  straight,  with  the  mdiclo  superior,  in  albumen  when 
tbero  U  any.  —  Infloitsccnce  various,  often  in  spikes,  heads,  or  a  sort  of 
uwnts.  Urtk.acg.k. 

Gmip  0.    Flowers  monteeions  or  dlircious,  ihn  sleHle,  and  frcqncntly  the  fi'ttilo 

alto,  in  nmcnls,  or  in  heads  or  spike*.    Cnlyx  of  the  fertile  flower*,  if  any, 

kdhcnmi.    Ovary  often  two-  to  scventl-collcil,  but  the  Iiuit  always  ono- 

cclled.  —  Trees  or  shrubs. 

30' 
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Stlpoks  thektliing.    Nattets  dnb-thtped,  in  globular  head*.        Pl±tamacem. 
Stipule*  not  aheAttuDg  or  none. 
fiterili  flower*  oalj  aincnlafcoa*. 
Frah  B  kind  of  draptceooi  nnt.    Learw  [uniMte.  JuQCUtDAClA 

FrniC  ■  dry  nnt,  inTolncnte.    Leavea  limplo.  CEPDLirUA 

Both  kinds  of  flowers  unentaixoiu. 
Frait  d  uunara  or  &  naalt  dij  drape. 

Ovarj  one-celled  :  ornle  Bolitaij,  erect.  Htkicackm. 

OTEiy  two-ccUcd,  two-ovuUd  :  omlc  pendnlons.  Bbtbljicex. 

Fruit  a  nunj'^eedcd  follicle ;  teeds  with  a  com*.  Su-icacb*. 

890.  Otd.  AriltolotbiaCtC  (Birthtoort  Family).  Herb&ceona  or 
climbing  8hrubbf  plants,  with  altemate  leaves.  Flowers  brown 
or  greenbh,  usuallj  solitary.  Calyx-tube  more  or  less  united  witb 
(he  ovary ;  the  Unib  valvate.  Stamena  six  to  twelve,  epigynoua,  or 
adherent  to  the  base  61  the  short  and  thick  style :  anthers  aduaie, 


extrorse,  Ovaiy  3-6-celled.  Capsule  or  bony  three-  to  six-celled, 
mnny-seeded.  Embrj'o  minute,  in  fleshy  albumen.  —  £x.  Asonim 
(Wild  Ginger,  Canada  Snokoroot),  Aristolochia  (Virginia  Snake- 
root).  Pungent,  aromatic,  or  stimulant  tonics ;  generally  termed 
Snakeroots,  being  reputed  antidotes  for  the  bites  of  venomous  snakes. 

FIO.  1061.    Aiunm  CuudenH.    1083.  Calf  i  dlaplnred,  uid  ■  miinl  McUoa  ttanngh  Uw 


IU8   OR  dicoty: 
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.  Ord.  Blfnaintee;  parasilicflo\'rers,orflower-clusters(152),of 
whidi  ihe  mosl  Btriking  is  the  gignniic  ItafBesia  Amoldi  of  Sumatra 
(Fig.  150),  perhnps  as  much  rclutcd  to  the  lost  or  Jit  as  to  any. 

802.  Ori.  Kytlaginatea  {Four-o'clock  Familt/).  Herbs  or  shrubs, 
with  opposite  loaves ;  distinguished  b;  their  tubular  imd  funncl-rorm 
calyx,  ihG  npptT  part  of  which  resembles  a  corolla,  and  at  length 
sepnnitcs  from  the  base,  which  latter  hardens  and  encloses  the  one- 
wUcd  achenium-like  fruit,  appearing  like  a  part  of  it  Stamens  hy- 
pogyoous,  1  —  20.  Embryo  roiled  around  mealy  albumen  (Fig.  616, 
617)  ;  cotyledons  large.  Floweri  ioTolucrale.  Mirabilis  (Fouf- 
oTdock)  has  a  one-flowered  involucre  exactly  like  a  calyx,  while  the 
teal  calyx  resembles  the  corolla  of  a  Moming-Glory.  Abrunia  luu 
only  one  cotyledon  to  its  embrj'o '.  —  Plants  of  warm  latitudes ;  many 
Mcnr  on  our  Southwestern  frontiers. 


S93.  Ori.  FbftolutlttB  (PUw-tmsJ  Family).     Chiefly  r^prcMOled 

IM   UH,  IDCT.    PtartalwmlnadnlFnkMMil).    lOMAflow.    USB.  Cntp*  IML 


464 


ILLUSTRATIONS   OF  THE  KATUBAL   ORDERS. 


bj  the  common  Poke  (Phytolacca  decandra),  which  has  a  compoimd 
ovary  of  ten  confluent  (one-seeded)  carpels,  the  short  styles  or  stig- 
mas distinct ;  the  fruit  a  berry.  The  root  is  acrid  and  emetic :  yet 
the  young  shoots  in  the  spring  are  used  as  a  substitute  for  Aspara- 
gus.    Tlie  berries  yield  a  copious  deep-crimson  juice. 

894.  Ord.  Baicllaces ;  a  small  subtropical  group  of  climbing  suc- 
culent plants,  allied  to  the  last  and  the  next  two  orders,  from  which 
it  differs  by  the  decidedly  perig^'^nous  stamens  and  double  petaldd 
calyx.  Tlie  ovary  is  single  and  one-ovuled.  —  JUx,  Basella,  Bous- 
singaultia  of  South  America ;  the  latter  cultivated  for  ornament  (from 
potato-like  tubers)  under  the  name  of  Madeira  Vine.  Some  are  pot- 
herbs. 

895.  Ord.  ChenopodiaeCB  {Goo$efoot  Family).  Chiefly  weedy 
herbs,  with  alternate  or  opposite  and  more  or  less  succulent  leaves, 


1O0S 


noi 


1104 


HOT 


1095 


1098 


1099 


1103 


11(6 


and  small  herbaceous  flowers.  Calyx  sometimes  tubular  at  the 
base,  pcr.^istent ;  the  stamens  as  many  as  its  lobes,  or  fewer,  and  in- 
serted at  their  base.  Ovary  free,  one-celled,  with  a  single  ovule 
arising  from  its  base.  Fruit  a  utricle  (Fig.  574)  or  achenium. 
Embrjo  curved  or  coiled  around  the  outside  of  mealy  albumen,  or 
spiral  without  any  albumen  (in  Salsola,  &c.).  —  Ex.  CheiioiXKlium, 
Atriplex,  Beta  (the  Beet),  &c.     Sea-side  plants,  or  common  weeds : 


FIO.  1095.  Part  of  the  spike  of  Salicornia  herbacea :  the  flowers  placed  three  together  in 
exeaTationa  of  the  stem,  protected  by  a  fleshy  scale.  1096.  Scparato  flower.  1097.  A  flotrer 
of  Blitum,  with  its  fleshy  calyx  and  single  stamen.  1098.  Same,  more  enlarged,  with  the  thick* 
cnedjuicy  calyx  (1090)  removed.  1100.  The  ripe  frait.  1101.  Same,  divided  Tcrtically,  show- 
ing the  embryo  coiled  around  the  central  albumen.  1102.  Flower  of  Chenopodium  albom 
(common  Goosefoot).  1103.  Section  of  the  same,  more  enlarged.  1101.  Section  of  the  utricle 
and  seed,  showing  the  embryo.  1105.  Calyx  of  Salsola  Icali  (Saltwort),  in  fruit,  with  its  wing* 
like  border.  1106.  Section  of  the  same,  bringing  the  ovary  into  view.  1107.  The  spirally 
coiled  embryo  of  Chenopodina  maritima. 
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>t-hcrbs,  siicU  ns  Spinach ;  n  few  are  ruliivnt^d  for  iheir 
eacolent  nmU ;  as  tlie  Ilect,  wliich  yields  sugnr.  Soda  is  exlmcl- 
(d  from  llic  mnritime  sptt-ies,  e^tiecially  from  tliose  of  Salsula  and 
Sitli<^(niin  (.Snni[iliirp,  Gliiss-worl).  ClienoiwJium  luiihelniiDlIcum 
yit*tiL<  llio  well-known  Worm-teed  oil. 

89fi.  Ort.  Amaninlflfea  {Amamnlh  FamHy).  Flowera  in  Leads, 
^ke«,  or  dense  elusters,  imbrienlfd  with  dry  and  searioua  lirncU 
irMcb  are  often  oolored.  Ciiljx  of  (linw  lo  five  eepniii,  whieh  are 
irj  wid  Krarious  like  llie  bracts.  Sinmens  five  or  fewer,  lypogy- 
Doils,  distinct  or  monadelphous:  nntliers  frequently  one-cell wl,  I'tri- 
de  often  otiening  as  a  pyxia  (Fig.  575).  Embrjo  nnnular,  tilways 
Tcnintl.  (hiierwise  nenrty  ns  in  Clienopoiliai-ea-.  —  Aniarantus 
ftc  A  feiv  Ainnmntha  (Coscomb,  Ae.)  and  Glol»c  Aninmnllid 
(Gomphrena)  are  culiivuteil  for  omnniciit.  But  most  of  ilie  family 
uo  coarse  aud  bomely  weeds  (Pigweed*,  iSie.). 


W7,  Ord.  PolyjonnrHB   {Buehehfot  Family).     Herbs  wilh  alter- 
•■to  huvea ;  reraarkable  for  their  stipules  (oehrea-,  Fig.  30.5),  which 
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usually  form  f^liealhs  arounil  the  stems  above  the  leaves,  and  I 
llieir  orthotropoua  o\'uk3  (Fig.  518, 52G).  Stamens  definite,  inserted 
on  the  pelftloid  cjilys.  Fruit  acienium-Iiko.  Embi7o  curved,  or 
nearly  eiraighl,  applied  to  tlio  outside  (rarely  in  lie  centre)  of 
starpby  albumen  (Fig.  COG), — J^x,  Polygonum,  Bumex  (Dock, 
Sorrel),  Riicum  (Rhubarb).  The.  slems  and  leaves  of  Rhubarb 
and  Sorrel  are  pleasantly  aad ;  while  several  Polygonums  (Knol- 
weed,  Smart-weed,  Waler  Pepper,  &c.)  are  acrid  or  rubc&cient. 
The  farinaceous  seedd  of  P.  Fagopynim  (the  Buckwhejit)  are  used 
for  food.  The  roots  of  mast  species  of  Shabarlt  arc  porgaiive  :  but 
it  is  not  yet  known  what  parlicular  species  of  Tartary  yields  the 
genuine  officinal  article.  The  Eriocone*  (a  hu-ge  tribe  of  (he 
southern  and  western  parts  of  North  America,  chiefly  west  of  the 
Rocky  Mountains)  are  remarkable  for  their  exstipuluto  leaves  ami 
involucrate  flowers. 

898.  flrd.  LoursetS  (Laurel  Family),  Trees  or  shnibs,  wiih 
pellueid-puHctate  alternate  leaves,  tbeir  mai^ins  entire.  Flowers 
sometimes  poIygamo-di(Ecio«s.  Calyx  of  four  to  six  soniewbat 
united  petaloid  sepals,  which  are  imbricaled  in  two  series,  five 
from  the  ovary.  Stamens  definite,  but  usually  more  Dumerous  dian 
the  sepals,  inserted  on  the  base  of  the  calyx  :  anthers  (wo-  to  foo^ 
celled,  opening  by  recurved  valves !  Fruit  a  berry  or  dnipe,  the 
pedicel  often  thickened.    Seed  with  a  large  almond-like  embryc^ 


destitute  of  albumen.  —  Ex,  I.aurus,  Sassafras,  Benzoin.     All  aro- 
matic plants,  almost  every  part  abounding  in  warm  and  stimulant 

no:  lllJ.  AtUmlmUi.ua  1113.  ■  plalUlats  9c 
cLiudi  It  llu  buo :  tbe  adIIum  op«dId;  b^  I 
eJ.    Ilie  BrucH  In  fruit.    1117.  S«[i™  o: 
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Totxtfle  oil,  lo  which  their  (lunlities  tire  due.  Camphor  iV  ohinincil 
from  Campliora  officinanim  of  Japan,  China,  &c.  Cinnamon  is  the 
biirit  of  Ciiiniimoraum  Zeylanicum ;  Cassia  bark,  of  Ciniiamomum 
aronuilicum  of  China.  The  aromatic  bark  and  wood  and  the  very 
miu^laginous  leaves  of  our  own  Siuwafras  are  well  known.  Our 
Benzoin  odorifc-niin  is  Ihe  Spice-wood,  or  Fevcrljush.  Lauras 
nobilis  is  tlio  tnie  Liiiircl,  or  Sweet  Bay.  Persca  gratissima,  of  Ihe 
West  Indies,  bcura  tiie  edible  Avocado  pear. 

899.  Ori.  ThjintlaMffi  {Mezereum  Family).     Shrubby  plants,  with 

perfect  flowers,  and  a  very  lough  bark ;  the  tube  of  the  petaHd 

•   calyx  being  free  from  ihe  (one-ovuled)  ovary  ;  its  lolics  imbrieated 

'to  sfltivalion  ;  llie  pendulous  seed  destitute  of  albumen.     Stamens 

often  twice  a£  many  as  the  lol>es  of  the  calyx,  inserted  upon  its  lube 


or  throat.  —  Er.  Daphne  and  Dirca  (r,*allier-wood,  Moose-wood, 
Wiekopy,  which  is  the  only  North  Ameriam  genua).  TIjo  tough 
haik  is  acrid,  or  even  hlif^lering,  and  is  also  usefid  for  cordngi-.  The 
t«tieulateU  fibres  of  the  liber  in  the  Lagetta  or  Laee-burk  of  Jomaioi 
may  be  separated  into  n  kind  of  lace.  The  berries  arc  more  or 
K^eleterious. 

:  Ord.  Eleapmffif  (Oleaster  Family).     Slirubs  or  small  troc«, 
I  flowers  more  eoinmonly  dioecious ;  readily  dtslininiished 
I  iho  preceding  by  having  the  foliage  and  (shoots  covrrvd  with 
Karf,  by  the  ascending  albuminous  seed,  and  llie  pei^i^lent  tube  of 
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the  cnlj-x,  wIih:]i,  ftlihoiigli  free  from  tlie  ovary,  beeomps  succulent, 
like  a  berry  in  fruit,  oiid  constricied  at  llie  ihroul,  enclosing  tlic 
cruslaccous  acheuium.  —  Ex.  Eleagnus,  Shepheniia.  Plants  of  no 
oconomiPHi  importaiice,  except  tliat  a  few  are  culltvated  for  tUt-ir 
Bilvery  foliage.  The  fruit  is  eometiniea  enten,  as  is  that  of  the  Biif- 
falo-bcrry  (Sheplierdia  argenlea)  and  Silvcr-lx^ny  (Eleagnus  ar- 
genlea)  Ijy  tlio  Ncrtliem  aborigines. 

901.  Onl.  PrDlraMS  {P>-olea  FamUg).  A  ratljer  large  familv  of 
slirub^  iind  trees  of  Soulliem  tem^teraie  and  subtropical  regioiiii. 
cbicfly  of  tlie  Cnjie  of  Good  IIojw  and  AuRtnilin  (ft  few  in  Soulb 
America,  &c.),  witli  rigid  coi'inceoua  leaves,  perfect  flowers,  eilhpr 
regular  or  irregular,  mostly  in  lieails  or  spikes  i  the  lobes  of  tin- 
Cnlyx  Talvute  in  Rslivation ;  a  slamen  borne  on  each  of  its  four 
lobes  ;  the  pistil  simple  and  free,  forming  a  mostly  dehbeent  frtiil ; 
seedi  with  a  large  and  slruight  embrj'o.  and  no  albumen,  lluny 
of  these  plants  are  prized  in  conservalories  for  their  beauty  or  sia- 
gularity ;  the  seeds  of  a  few  ppecies  arc  calcn. 

902.  Ord.  Santalantt  {Sandal-irood  Family).  Trees,  shrulw,  or 
sometimes  herbs  (their  rool^  inclined  to  form  paiiisitic  stiach* 
tnents) ;  with  alternate  entire  leaves,  and  small  (vtry  rarely  dia- 


cious)  flowers.  Calyx-tube  adherent  to  the  ovary  t  tlie  limb  tuoT- 
or  five-clefl,  valvate  in  ipstivation  ;  its  base  lined  with  a  fleshy  ilirk. 
the  eJge  of  which  is  often  lobed.     Sliimens  an  many  ad  ibe  lobes  of 
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the  calyx,  and  opposite  them,  inserted  on  the  edge  of  the  disk. 
Ovules  several,  destitute  of  proper  integuments,  pendulous  from  the 
apex  of  a  stipe-like  ba^silnr  placenta.  Style  one.  Fruit  indehiscent, 
crowned  with  the  limb  of  the  calyx.  Seed  albuminous.  Embryo 
small.  —  Ex,  Comandra,  Pyrularia,  &c.  The  fragrant  Sandal-wood 
is  obtained  from  several  Indian  and  Polynesian  species  of  Stmtalum. 
The  large  seeds  of  Pyrularia  oleifera  (Buffalo-tree,  Oil-nut),  of  the 
Alleghany  Mountains,  would  yield  a  copious  fixed  oil.  One  species 
of  Fusanus  in  Australia  is  esteemed  for  its  edible  seeds,  known  by 
the  name  of  Quandang-nuts, 

903.  Ord.  Loranthaees  {Mistletoe  Family)  consiste  of  shrubby 
plants,  with  articulated  branches,  and  opposite  coriaceous  and  mostly 
dull  greenish  entire  leaves ;  parasitic  on  trees.  The  floral  envelopes 
are  various.  In  Mistletoe  (which  is  dioecious)  the  anthers  ai*e  ses- 
sile and  adnate  to  the  face  of  the  sepals,  one  to  each ;  while  Lo- 
ranthus  has  both  calyx  and  corolla,  the  latter  most  conspicuous,  and 
a  stamen  before  each  petal  and  adnate  to  it.  The  ovary  is  one- 
celled,  with  a  single  suspended  ovule,  consisting  of  a  nucleus  without 
integuments.  Fruit  a  one-seeded  berry.  Embryo  small,  in  fleshy 
albumen.  —  Ex,  Loranthus ;  Viscum,  the  Mistletoe,  from  the  glu- 
tinous berries  of  which  birdlime  is  made ;  Phoradendron,  the  Ameri- 
can Mistletoe.     The  bark  is  astringent. 

904.  Ord.  PiperaceS  (Pepper  Family),  A  peculiar  order  of  tropical 
herbaceous  or  shrubby  plants,  with  jointed  stems,  naked  (achlamyde- 
ous)  but  perfect  flowers  in  spikes  or  spicate  racemes,  a  one-celled  ovary 
with  an  erect  orthotropous  ovule ;  the  embryo  minute  in  a  viteUus 
or  persistent  embrj'o-sac  at  the  apex  of  the  albumen.  —  Pungent 
and  stimulant  properties  characterize  the  order.  Piper  nigrum  fur- 
nishes Black  pepper,  and  White  pepper  is  the  same,  with  the  flesh  of 
the  drupe  removed.  The  fruit  of  Cubeba  officinalis,  &c.  furnishes 
Cubebs,  which  are  hot  ai'omatics,  acting  also  on  the  mucous  mem- 
branes. The  pungency  in  all  these  plants  is  owing  to  a  peculiar 
acrid  resinous  matter.  They  also  yield  a  crystalline  matter,  called 
Piperine,  Others  have  more  ilitoxicating  properties,  as  Betel,  the 
leaves  of  a  Chavica,  chewed  by  the  IVIalays,  and  the  Ava  (Macropi- 
per  methysticum)  from  which  the  South-Sea  Islanders  make  their 
inebriating  drink. 

905.  Ord.  SanrnraceS  (Lizard's-tail  Family)  ;  differs  from  the  Pop- 
per Family  (of  which  it  is  an  offshoot)  in  the  feebly  pungent  quali- 
ties, the  distinct  stipules  (when  these  are  evident),  and  the  three  or 
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Rtore  ovaricii,  separate  or  eomewhnt  utiileil,  with  one  i 
in  each. — £x,  Saururus,  Holtuynia :  a  Email  group. 


906.  Ord.  Ceralophyllaeeie  (fTomwort  Family)  consists  of  the  K 
genus  CeratopliyUum  (growing  in  ponds  and  streams  in  many  parte 
of  tlie  world)  ;  distinguisLed  \>y  the  wliorleJ  and  dissecled  leaves 
with  filiform  segments ;  the  flowers  moiiostious  and  sesi^ile  in  Ihr 
axil  of  the  leaves  ;  the  stamens  indefinite,  with  eessite  anthers ;  and 
the  simple  one-celled  ovary,  wliieh  forms  n  bctihed  achcniiim  in  fruit, 
containing  an  orthotropoua  suspended  seed,  with  four  cotyledom! 
und  a  manifest  plumule. 

907.  Ord.  CBllitrichateB  ( Waler-Stanrorl  Family),  formed  of  tbf 
gtiDus  Calijti'iehe ;  :i'|uatic  annuals,  with  oppnshe  entire  leaves;  ihe 
axillary  flowi/rs  (either  perfeet  or  monweioue)  wi(h  a  two-lcavt^ 
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involucre,  but  entirely  destitute  of  calyx  and  corolla ;  stamen  one 
(or  rarely  two),  hypogynous,  with  a  slender  filament,  and  a  reni- 
form  confluently  one-celled  anther ;  the  ovary  four-lobed,  four-celled, 
indehiscent  in  fruit ;  the  seeds  albuminous. 
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908.  Ord.  Podostfrnaees  {River-weed  Family)  comprises  a  few 
(chiefly  American  and  Asiatic)  aquatics,  in  rivers,  with  the  aspect 
of  Mosses,  IlepatioB,  &c ;  their  small  flowers  arising  from  a  spathc  ; 
the  calyx  often  entirely  wanting ;  the  stamens  frequently  unilateral 
and  monadelphous ;  the  ovary  two-  or  three-celled,  with  distinct 
styles ;  in  fruit  forming  a  ribbed  capsule,  containing  numerous  ex- 
albuminous  seeds  attached  to  a  central  column.  —  Ex,  Podostcmon. 

900.  Ord.  EaphorbiaceS  {Spurge  Family).  Herbs,  shrubs,  or 
trees,  often  with  a  milky  juice :  in  northern  temperate  climes  chiefly 
represented  by  the  genus  Euphorbia ;  which  is  remarkable  for  hav- 
ing numerous  staminate  flowers,  reduced  to  a  single  stamen  (487), 
enclosed  in  an  involucre  along  with  one  pistillate  flower,  this  reduced 
to  a  compound  pistil,  and  aL»o  achlamydcoun,  or  with  an  obsolete 
calyx.  But  other  genera  have  a  regular  calyx  both  to  the  staminate 
and  pistillate  flowers  ;  and  a  few  are  likewise  provided  with  petals. 
Ovary  of  two  to  nine  more  or  less  united  carpels,  coherent  to  a  cen- 
tral prolongation  of  the  axis  :  styles  distinct,  often  two-cleft.  Fruit 
mostly  capsular,  separating  into  its  elementary  carpeLt,  or  cocci 
(usually  leaving  a  persistent  axis)  :  these  commonly  open  clastically 

FIO.  1134.    CsUIfcriebe  Trrnm,  aboai  the  Dfttonl  ■!».    1137.  Perfect  flowvn,  nafnflUd 
1138.  A  stuninate  and  pistillate  flower,  magniflwL    1139.  The  fmft.    1140.  Crow  ■acttoo  of 
tb0  firuit.    114L  Vertkal  aaetioa  tfuoogh  tiw  petkairp,  lecds,  and  embrjo. 
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by  one  or  bolh  sutures.  Seed  willi  n  large  emlirjo  in  fleshy  nlbn- 
men,  suspenilecl  —  Ex.  K u pi lorliia  (Spurge),  Croion,  Buxii^  (tlio 
Box).    Acrid  and  dclelerious  qualities  pervade  Uiis  large  order, 


chiefly  resident  in  tlie  milky  juice.  But  the  stnrcliy  n(!cutnulntioru 
in  the  rhizoina,  or  uiulergi'ound  poi'tion  of  the  Btem,  as  iik  tlic  Mau- 
dioc  or  Ca^snva  (Janiplm  Sltiniliol)  of  tropical  Americn,  ure  per- 
fectly innoaious,  wlien  frcetl  from  the  poUonoua  juice  by  washing 
and  heating.  Tlie  glarch  thus  olituiiicd  is  the  Catiava,  wliich,  when 
granulaled,  forma  the  Tapioca  of '  commerce.  The  fniinaccous  albu- 
men of  the  seed  is  also  iimoc^ut,  and  the  fixed  oil  wliich  it  frequently 
cantuins  is  perfectly  blaiid.  But  the  oil  procured  by  cxpresdod 
abounds  iu  the  juices  of  the  embryo  nnd  inlegumcuL^  of  (lie  s«ed,  nn4 
pos.«c««es  more  or  lesa  active  properties.  The  seeds  of  KiciDus  com- 
munis yield  the  Cattor  oil:  and  those  of  Crolou  Tiglium,  aud  sorae 
other  Indian  species,  yield  the  violently  drastic  Crolon  oil  or  Oil  of 
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Tiglium,  Some  plants  of  the  family  are  most  virulent  poisons ;  as, 
for  example,  the  l^Ianchineal-tree  of  the  West  Indies  (Hippomane 
Manicella),  which  is  said  even  to  destroy  persons  who  sleep  under  its 
shade ;  and  a  drop  of  the  juice  blisters  the  hand.  The  hmrs  of  some 
species  (such  as  our  Cnidoscolus  stimulosus)  sting  like  Nettles.  Box- 
wood is  invaluable  to  the  wood-engraver.  The  puqjle  dye  called 
Turnsole  is  from  Crozophora  tinctoria.  Another  most  important 
product  of  this  order  is  Caoutchouc^  which  is  yielded  by  various  plants 
of  different  families ;  but  the  principal  supply  of  the  article  (that  of 
Para,  Demarara,  and  Surinam)  is  furnished  by  species  of  Siphonia. 
910.  Ord.  Empetraces  {Crowherry  Family).  Low,  slirubby  ever- 
greens, with  the  aspect  of  Heaths ;  the  leaves  crowded  and  acerose, 

1153  1154 


1149         1150     1153     1148  n51         HflS 

with  small  (dioecious  or  polygamous)  flowers  produced  in  the  axils. 
Calyx  consisting  of  regular  imbricated  sepals,  or  represented  by  im- 
bricated bracts.  Stamens  few :  pollen  of  four  grains  coherent  in 
one,  as  in  Heath.  Ovary  three-  to  nine-celled,  with  a  single  erect 
ovule  in  each  cell :  style  short  or  none :  stigmas  lobed  and  oflen 
laciniated.  Fruit  a  drupe,  with  from  three  to  nine  bony  nucules. 
Seeds  albuminous ;  the  radicle  inferior.  —  Ex.  Empetrum,  Ceratiola, 
Corema;  unimportant  plants.  Probably  no  more  than  apetalous 
Ericaceae  ;  but  the  stigmas  are  peculiar. 

911.  Ord.  Urtlcaees  {Nettle  Family),  shrubs,  or  herbs,  with  stipules, 
often  with  milky  jtiice,  and  diclinous  or  polygamous,  rarely  perfect 
flowers,  furnished  with  a  regular  calyx ;  wliich  is  free  from  the  onc- 

FIO.  1148.  Branch  of  CentioU  ericoldes  in  ftnit.  1149.  Magnified  itamlnato  flowrr,  yiMh 
da  bracts.  1150.  The  two  ttamena,  with  an  inner  bract  or  lepal.  1151.  Magnified  pintillatc 
flower,  with  its  imbricated  bracts.  1152.  Ttie  pistil  separate ;  one  of  the  cells  laid  open  by  a 
Tcrt&cal  section,  showing  ttie  erect  OTule.  1153.  Ihnipe,  with  the  peroiiitent  scales  at  the  t)ase. 
1154.  Transmse  section  of  its  endocarp,  or  two  nucules,  with  the  encloeed  seed  and  embryo. 
1U6.  Vertical  netion  of  the  teed. 
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celled  (M>metimc3  two-celled)  oveij  and  Ihe  idwaTs  one-celled  and 
one-Hcedcd  fmil,  but  Bometimes  enclosing  it.  Slamena  aa  many  » 
the  lobes  of  the  calyx  and  opposite  them,  or  Ewnetimes  fewer.  Em- 
bryo large ;  cotyledons  mostly  broad ;  the  radicle  superior  in  the 
fruit.  Stipules  oflen  deciduous.  A  large  aod  greatly  diversified 
order,  comprising  at  least  four  Well-marked  suborders. 

912.  Snbord.  lllmBKR  (Elm  Family).  Trees  or  slirub^  with  a 
watery  juice,  iillemute  rough  leaves,  perfect  or  merely  polygamoos 
flowers,  two  Etjles  or  sliginaa ;  the  ovary  either  one-  or  two-ceUed, 
with  one  ovule  Euapcnded  from  the  summit  of  each.  Fruit  either  i 
samara  (Fig.  578),  with  a  straight  embryo  and  no  albumen,  as  in 


the  Elm  (Ulmus) ;  or  a  dnipc  with  a  curved  embrjo  and  scanly 
albumen,  as  in  Cultis  (Hackbcrrj'),  the  type  of  tlie  tribe  CeltidEjE. 
Tiuiber-Jrces.  Tlic  iiiner  bark  of  llie  Slippery  Elm  is  liighly 
clinrpi'd  with  mucilage.     Ilackberries  are  edible, 

913.  Subord.  ArlOCarptffi  (Bread-fruit  Fami!;/) ;  which  are  chiefly 
tropical  tree*  or  eliruba  with  a  milky  or  yellow  juice ;  the  mon*- 
ciou^i  or  dio;;cious  flowers  mostly  a^regaled  into  fleshy  heads,  and 
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call) .    11G3.  Drupe,  (he  Snh  <U' 


ttao  SHppnTRIm.    iK~.  Oal^il 


£XOGt:NOUS    OB  DICO' 


47J 


ftnning  a  multiple  fruit,  or  eUe  enclosed  in  a  dry  or  succulent  invo- 
lacre.  Styles  or  stigmas  commonly  Iwo.  Ovniy  ripciung  iiilo  an 
achmium.  Seoda  with  or  without  albumen.  —  Ex.  Artucarpua  (the 
Bread-fruit),  Moras  {(he  Mulberry,  Fig,  593-595),  Mnclura  (ihe 
0»ge  Onttige),  Ficua  (the  Fig,  Fig.  590-592).  Tlie  fruit  is 
often  iiinotTnt  and  edible,  at  leiist  when  cooked ;  while  the  milky 
jniva  U  more  or  lei-s  acrid  or  delelerioug.  It  also  abounds  in  Gwut- 
ehoMn  ;  much  of  which  is  obtained  from  some  South  American  trees  of 
this  order,  and  from  Fiscus  elustica  in  Juvn.  In  one  iustunce,  how- 
ever, the  milky  juice  is  perfectly  innocent ;  liiat  of  the  famous  Cow- 
tree  of  South  America,  which  yields  a  rich  and  wholesome  milk. 
One  of  the  most  virulent  of  poisons,  the  Bohon  Uptu,  is  the  concrete 
jaice  of  Antiaria  losicaria  of  the  Indian  Arcliipelago.  The  Drend- 
fruit  is  ihe  fleshy  receptacle  and  multiple  fruit  of  Arlocarpua. 
Fuitie  is  the  woo<l  of  ihe  Soulli  American  Alaclum  tinctoria ;  tlie 
wood  of  our  own  MaiOura  or  Osage  Omnge  is  used  by  the  Western 
Indians  for  bows.  The  resin  eallej  Gum  Lae  exudes  and  fonns 
noall  grains  on  the  brmiches  of  (he  celebrated  Banyun-4rcc  (Ficu^ 
Indiea.  Fig.  142). 

914.  Suboni.  rniceiB  {True  NritU  Family);  which  arc  herbs  in 
colder  connii'ies,  but  oilen  shrubs  or  trees  in  the  tropics,  with  a 
wstery  juice,  ollen  with  stinging  hairs ;  the  monscions  or  dia>cious 
flowers  mostly  loose,  spieale,  or  panicled.  (h'ulc  ortbolroiious. 
Ovary  nlways  one-celled,  and  style  or  sitgmn  one ;  the  achenium 
nsuully  surrounded  by  a  diy  and  membranous  calyx.  Embryo 
stmigbt,  in  fleshy  albumen.  —  E^.  Vnica  (the  Nettle),  &c.  Innutr- 
uous  plants,  except  for  the  clinging  hairs  of  many  species.  The 
inner  bark  of  Nettles  yields  very  lough  and  slender  fibres. 

915.  Snlnnl.  CanoabintS  {Hfmp  Familif).  Annual  erect  herbs, 
or  perennial  twining  plants,  with  a  watery  juice  and  di<ccioua  flow- 
ers I  the  staminate  flowers  racemose  or  panicled ;  the  pistilkite  glom- 
erale,  or  imbricatetl  with  bracts,  and  forming  a  kind  of  strobile-like 
oment ;  their  cidyx  one-leaved.  Sti^nos  two.  Oary  one-celled, 
wilb  an  erect  orthotropous  ovule.  Embrjo  coiled  or  bent :  albumen 
■one.  —  Ex.  Cannabis  (the  Hemp),  llumulus  (the  Hop).  Kopi 
aro  the  calkins  with  large  bracts;  (he  bitter  and  sedative  principle 
chiefly  resides  in  the  yellow  grains  tlrnt  cohere  to  the  scales  and 
cover  tlie  fruit.  Tlie  leaves  of  Hemp,  when  gronii  in  a  hot  climate, 
■re  powerfully  stimulant  nnd  narcotic,  and  nre  used  in  tlie  East  for 
intoxication.     Tlic  inner  bark  is  used  for  cordage,  &c. 
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916.  Ord.  PlatanaceS  {Plane-tree  Family)  consists  of  the  single 
genus  Phitanus  (Plane-tree,  Button-ball),  with  one  Asiatic  and  one 
or  more  North-American  species :  fine  trees,  with  a  watery  juice, 
and  alternate  palmately-lobed  leaves,  with  sheathing  stipules.  Flow- 
ers in  globose  amentaceous  heads ;  both  kinds  destitute  of  floral 
envelopes.  Fruit  a  one-seeded  club-shaped  little  nut,  tlie  base  fiir- 
nished  with  bristly  hairs.     Seed  albuminous. 

917.  Ord.  Jaglandaces  {Walnut  Family).  Trees,  with,  alternate 
pinnated  leaves,  and  no  stipules.  Flowers  monojcious.  Sterile 
flowers  in  aments,  with  a  membranous  irregular  calyx,  and  indefinite 
stamens.  Fertile  flowers  few,  clustered,  with  the  calyx  adherent  to 
the  incompletely  two-  to  four-celled  but  one-ovuled  ovary,  tlie  limb 
small,  three-  to  five-parted ;  sometimes  witli  as  many  small  petals. 
Ovule  orthotropous.  Fruit  drupaceous  ;  the  exocarp  fibrous-fleshy 
and  coherent,  or  else  coriaceous  and  dehiscent :  endocarp  bony. 
Seed  four-lobed,  without  albumen.  Embryo  oily :  cotyledons  cor- 
rugjite,  two-cleft.  —  Ex,  Juglans  (Walnut,  Buttenmt),  Carj-a  (Hick- 
ory, Pecan,  &c.).  —  The  greater  part  of  the  order  is  North  Ameri- 
can. The  timber  is  valuable ;  especially  that  of  Black  Walnut, 
for  cabinet-work,  and  that  of  Hickor}%  for  its  great  elasticity  and 
strength.  The  young  fruit  is  acrid :  the  seeds  of  several  are  de- 
licious ;  those  of  the  Walnut  abound  in  a  diying  oil. 

918.  Ord.  Cnpuliferffi  {Oak  Family),  Trees  or  shrubs,  with  alter- 
nate and  sinn)le  straight-veined  leaves,  and  deciduous  stipules. 
Flowers  usually  mona^cious.  Sterile  flowers  in  aments,  with  a 
scali»-like  or  regular  calyx,  and  the  stamens  one  to  three  times  the 
number  of  its  lobes.  Fertile  flowers  solitary,  two  to  three  together, 
or  in  clusters,  furnished  with  an  involucre  which  encloses  the  fruit 
or  forms  a  cupule  at  its  base.  Ovary  adnate  to  the  calyx,  and 
crowned  by  its  minute  or  obsolete  limb,  two-  to  six-celled  with  one 
or  two  pendulous  ovules  in  each  cell :  but  the  finiit  is  a  one-celled 
and  one-seedml  nut  (Fig.  576).  Seed  ^nthout  silbumen.  Embryo 
with  thick  and  fleshy  cotyledons,  which  are  sometimes  coalescent. — 
Ex,  Quercus  (the  Oak),  Fagus  (the  Beech),  Corjlus  (the  Hazel- 
nut), Castanea  (the  Chestnut),  &c.  Some  of  the  principal  forest- 
trees  in  northern  temperate  regions.  The  valuable  timber  and 
edible  nuts  they  furnish  are  too  well  known  to  need  enumeration. 
The  astringent  bark  and  leaves  of  the  Oak  abomid  in  tannin,  gallic 
acid,  and  a  bitter  extractive  called  Quercine  ;  they  are  used  in  tim- 
ning  and  dyeing.     Quercitron  is  obtained  from  the  Quercus  tine- 
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tona.  GaJlt  are  Ewellinga  oD  the  leafstalks,  &c.,  when  wounded  by 
certnin  insects  ;  tliose  of  commerce  are  derived  from  Q.  infi'Cloria  of 
Asin  Minor,  Cork  ia  the  exterior  corky  layer  of  the  bark  of  tlie 
Spaui^h  Quercua  Suber. 


919.  Ord.  ByritaMe  {Sweet-Gaie  Family).  Shnibs,  with  alter- 
nate and  simple  aromatic  rcsinous.dottcd  leaves,  mona'cious  or  ditc- 
ciouA.  DifTora  from  the  next  principally  by  the  oncn^clled  ovary, 
with  a  single  erect  orthotropoua  ovule,  and  a  drupe-like  nut.  —  Ex. 
MjTico,  Comptonia,  the  Sweet  Fern.  The  drupes  of  M.  ccrifcra 
(our  Cflndlebcrry  or  Bnyberry)  yield  a  nntural  wax. 

920.  Ord.  BttnliWB  {Birch  Family).  Trees  or  shrubs,  with  al- 
ternate and  simple  straight- veined  leaver,  and  deciduous  stipules. 
Flowers  moncccious  ;  those  of  both  kinds  in  amcnts  (Fig.  312),  and 
commonly  achlnmydeous,  placed  three  togniher  in  the  axil  of  each 
three-lol>cd  bract.  Stamens  definite.  Ovary  two-celled,  each  cell 
with  one  suspended  ovule ;  styles  or  stigmas  dLstinct.  Fruit  mem- 
branaceous or  samara-like,  one-celled  and  one-seeded,  forming  with 
the  three-lobed  bracts  a  kind  of  strobile.  Albumen  none.  —  Ex. 
Betula  (the  Birch),  Alnus  (Alder).    The  bark  is  sometiiues  astrin- 
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gent,  nnil  thnt  of  the  Birch  is  aromatic  The  peculiar  odor  of 
Russiii  Iratticr  is  suid  to  bo  owing  to  a  pjrroligneous  oU  obtained 
from  Btitula  alba,  or  White  Birch. 


921.  Ord.  SaliCBUIE  {WiUtm  Family).  Trees  or  shrubs,  with  al- 
teniale  simple  leaves,  furnished  with  stipules.  Flowers  diocdoas; 
both  kinds  in  nmeiils,  and  destitute  of  floral  envelopes  (achlninyde- 
ous),  one  under  each  bract.  Stamens  two  to  several,  sometimes 
monud<;I|ilious.  Ovary  one-cclleil,  mnny-ovuled  !  Styles  or  etigmaj 
two,  oIU'h  two-clefl.  Fruit  n  kind  of  follicle  opening  by  two  valve?. 
Seeds  numerous,  ascending,  furnished  with  u  silky  coma !  Albu- 
men none.  — -ffj;.  SaKx  (Willow,  Fig.  415-410),  and  Populus  (the 
Poplar).  Trees  with  light  and  soft  wood :  the  slender,  flexible 
shoots  of  several  Willows  are  employed  for  wicker-work.  Tlie  bark 
is  bitter  and  tonic,  and  contains  a  peculiar  substance  (Salicinf), 
which  possesses  febrifugal  qimlilles.  The  buds  of  several  Poplars 
exude  a  fragrant  balsamic  resin. 

FIQ.  117D.    YounEuneiitDriitamlnit«ao<nnorBGlrrh(IMDlafmtl«m?).    I  in.  On  of 

1172.  Amcat  or  pl«tlllats  flowen.    1173.  BnnDli  in  fruit.    1173'.  Ona  of  th*  KalniriUi  In 
Uim  Baiitn  IpUttLs)  seen  trnia  wl' 

tbtir  labtendlag  bnci)  in  >  mon  i 
onciei.    11 TT.  Tbe  nutun  fruit, 


I  lummlt  or  wb  cclL  lliS.  Thu  pUIUsIwttt 
.te,  117G.  M>gnm<Jcro»«cUoiior  ouoTUn 
U  dliiilnl  mtlcslly  ;  Uie  elnglii  nea  vrapjlnf 
lElUbk.    U'a  ThsiaJnmand.    IITS.  IlM 
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Ovalps,  Bud  con^ieqiienlly  the  Beeds  nnkcd,  that  is,  not  enclosed  in 
«n  oviiry  (5G0)  j  the  caqiol  boing  i-ein'esented  either  by  an  open 
Kc«Ie,  ns  in  Fiiie^  ;  or  by  a  more  evidcut  leaf,  as  in  Cyciui ;  or  else 
wHnting  nllt^tlier,  as  in  the  Yew. 

922.  Ord.  Conitim  {Phie  Family).  Trees  or  shrub*,  willi  hnuich- 
ing  [runks,  abounding  in  resinous  juiee  (the  wood  eliiefly  consbting 
of  a  tiiisue  somewliat  intermediate  between  ordinary  wooily  fibro 
uiil  reseeLs,  and  marked  with  ciivular  di^k^) ;  the  leaves  mostly 


evergreen,  Bciltored  or  fiL'eiuIed,  usually  rigid  and  needle-shaped  o 

no.  1180.    CorpdlArv  •»!•  of  Cimnwiu  Hmperrlniu  (lb*  Inie  C;|>nB],  •rm  hum  ultl 
•■(■■d  (bmbiE  Uu  Dninnrdat  orthotiopoiu  DmlM  tlimt  •(■nil  cm  it*  bus.    1181.  Bnndi  i 

(Uemlocli  Sprun),  •Lcb  liWnl  ■tuolDkls  Hcnign,  ud  ■  frrtlli  lUnblli 
mant,  mipiikd.    1183.  Cvp>llu7  ■«!«  of  ■  ltni\m  UHnt,  Mtli  lU  bnu 
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lincRr,  entii-e.  Floivcre  monicdoua  or  ditcL-ious,  eommonly  amenta 
ceous.  SlauiinaCe  (lowers  coiuisting  of  one  or  more  (often  mona- 
delphous)  t^tnniens,  destitute  of  ca\yx.  or  corolln,  arrnngeil  on  »  com- 
mon rluicliis  so  as  to  form  a  kind  of  loose  amenl.  —  The  particnlar 
structure  of  the  flowers  and  &uit  varies  in  the  subordinulc  groups, 
chiefly  as  follows  :  — 

D23.  Snboni.  ibitlinCIB  {Fir,  or  Pine  Family  proper).  Fertile 
nmcntf  forrocil  of  inibriciited  scales  j  which  ai-e  the  flat  and  open 
carpel-:,  and  hear  a  pair  of  oviilea  adherent  to  iheir  base,  wiih  the 
foramen  turned  downwards  (Fig.  511).  Scales  eublended  by  bracif. 
Fruit  a  strobile  or  cone  (Fig.  59C).  Interment  of  the  seed  cori- 
aceous or  woody,  more  or  less  firmly  adherent  to  the  scale.  Em- 
bryo in  the  uxis  of  fleshy  albumen,  with  two  to  Mecn  cotyledons. 
Buds  scaly. 

024.  Subonl.  CliprruineB  .(0/pre»t  Family).  Fertile  aments  of 
few  scales  crowded  on  a  short  axis,  or  more  numerous  and  pctiale, 
not  bracteate.  Ovulca  one,  two,  or  sereral,  borne  on  the  ba^  of  iho 
scale,  erect  (the  foramen  looking  towanls  itij  apex,  Fig.  516,  1180). 
Fruit  ail  indurated  strobile,  or  sometimes  fleshy  and  with  the  scales 
concreted,  forming  a  kind  of  drupe.  Integument  of  the  seed  mem- 
branous or  bony.  Cotyledons  two  or  more.  Anthers  of  sereral 
parallel  cells,  placed  under  a  shield-like  connective.  Buds  naked. 
— Ex.  Cupressus  (Cypress),  Taxodium  (American  Cypress),  Jani- 
perus  (Juniper,  Red  Cedar). 

925.  Snboril.  Tuiuea:  {Tew  Family).  Fertile  flowers  solitnry, 
terminal,  consisting  merely  of  an  ovule,  forming  a  dnii>aceouit  or  nut- 
like seed  at  maturity.  Tliere  are,  therefore,  no  strobiles  tud  no 
carpelhity  scales.  Erabrjo  with  two  cotyledons.  Buds  scaly. — 
Mr.  Taxus  (the  Tew),  Torreya. 

92C.  It  is  unnecessary  to  specify  the  important  uses  of  this  large 
and  characteristic  family,  which  comprisca  the  most  important  tim- 
ber-trees of  cold  countries,  and  also  fiimishes  rc^inoua  products  of 
great  importance,  auch  as  turpentine,  retin,  piKli,  tar,  Cunatla  tat- 
tam,  &c.  Tlie  lerebinthine  Juiiiper-ierries  are  the  fruit  of  Juui- 
pcrus  communis.  The  LaiTli  yields  Venetian  tiirpentine.  Tlie 
powerful  and  rubefacient  Oil  of  Savin  is  derived  from  J.  Sabina  of 
Europe :  for  wliich  our  nearly  allied  J.  Virginiana  (Red  Cedar) 
may  be  substituted.  The  leaves  of  the  Yew  are  narcotic  nnd  dele- 
terious. The  linrk  of  Larch,  and  especially  of  the  Hemlock-Spruce, 
is  used  for  tanning. 


.  Ori.  Cj'CailaCdE  (O/cat  Familt/).  Tropical  plnnt.i,  with  an 
unbniiichfil  cj'liiidnral  trunk,  increa.'^in^,  like  Palms,  by  a  single 
letntinHl  biiil ;  ili<i  leaver  pinnate  and  their  segments  more  or  less 
rolled  u]i  from  the  apex  (circinatc)  in  vernation,  in  ibe  manner  of 
Fcnts.  Flowera  Jiiecioiia ;  the  slaminate  in  a  strobile  or  cone  ;  the 
|n8tilkle  also  in  strobiles,  or  else  (la  Cj-eas)  occupying  contracted 


and  partly  metamorphosed  leaves ;  the  naked  ovules  home  on  its 
margins.  —  Ejt.  Cjca.*,  Zamiu.  —  A  kind  of  Arrowroot  is  obtained 
from  these  thickened  stems,  or  caudeses,  as  from  our  dwarf  Florida 
•peaes  (the  Coonlie  of  the  aboH^es) ;  and  a  coarse  Satfo  from 
Uie  tnink  of  C^'cas. 


no.  IISO-    EudLi  iDUgrifDlU  [U»  CKoniit  at  Flotlii 
lUl.  Om  Dt  lt>  kkIm  deUcbnl,  btwlae  tratU'rcd  mull 
n  Ig  imond.    1133.  A  |>1iUllate  Bower, 
wl  niiumlt  of  tl»  orptlUrjr  Kih.    IIM   K 
miBk  ponloDk  ti  Um  ipfli,  1a  nmotnl,    lIBfi. 
■I  tin),  ibdirlof  lb*  pulpf  ouur  cott,  Uu  laird 
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Class  IL    Endogenous  or  MoNOfcOTTLEDONOus  Plants, 

Stem  not  distinguishable  into  bark,  pith,  and  wood ;  but  the  latter 
consisting  of  bundles  of  fibres  and  vessels  irregularly  imbeded  in 
cellular  tissue ;  the  rind  firmly  adherent ;  no  medullary  rays,  and 
no  appearance  of  concentric  layers :  increase  in  diameter  effected 
by  the  deposition  of  new  fibrous  bundles,  which  at  their  commence- 
ment occupy  the  central  part  of  the  stem.  Leaves  seldom  falling 
off  by  an  articulation,  sheathing  at  the  base,  usually  alternate,  entire, 
and  with  simple  parallel  veins  (nerved).  Floral  envelopes  when 
present  mostly  in  threes,  never  in  fives ;  the  calyx  and  corolla  most 
commonly  undistinguishable  in  texture  and  appearance.  Embrjo 
with  a  single  cotyledon ;  or,  if  the  second  is  present,  it  is  much 
smaller  than  the  other,  and  alternate  with  it. 

Conspectus  op  the  Orders. 

Gmup  1.  Flowers  on  a  Rpadix,  famished  with  a  donblo  and  free  perianth 
(answering  to  calyx  and  corolla).  Ovary  one-  to  three-celled,  with  a  single 
ovule  in  each  cell.  Embryo  in  hard  albumen. —  Trees  with  unbranched 
columnar  trunks.  Falmje. 

Group  2.  Flowers  on  a  spadix  ;  with  the  perianth  simple  and  free,  or  reduced 
to  a  few  scales,  or  commonly  altogether  wanting.  —  Chiefly  herbs. 

Terrestrial.    Fruit  nut-like,  or  comosc,  one-sccded.  TYrnACEJE. 

Terrestrial,  mostly  with  a  spathc.  Fruit  baccate.  AnACEi. 
Aquatic  (floating  or  immersed). 

Flowers  devclop)cd  from  the  edge  of  tlic  floating  frond.  Lemxaceje. 

Flowers  axillary  or  on  a  spadix.  Naiadacej:. 

Group  3.  Flowers  not  spadiceous,  furnished  with  a  double  and  free  perianth 
(calyx  and  corolla).  Ovaries  several,  distinct,  or  sometimes  united.  Aquat- 
ic herbs.  Alisxacils. 

Group  4.  Flowers  with  a  simple  or  double  perianth,  which  is  adherent  to  the 
ovaiy,  regular,  developed  from  a  spathe,  polygamous  or  diclinous.  Ovary 
one-celled  with  parietal  placental,  or  3  -  9-cellcd.  Seeds  destitute  of  albu- 
men.— Aquatics.  IIvi>rocuakidace.e. 

Group  5.  Flowers  perfect  with  the  double  or  6-merous  perianth  adherent  to  the 
ovary  (or  more  or  less  free  in  some  Ilflemodoraccas  and  Bromeliaccx). 
Seeds  with  albumen,  except  perhaps  the  very  minute  ones  of  OrchidacciE, 
&c.    Leaves  parallel-veined. 
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IT  S  ftrtilp.    Flowpr  irregular 
Flower  irregular. 


fllliimii  gjnimdroiu, 
StuncQi  nol  gjnanilF 

Fcnile  Mnmen  1,  inrirrior. 
Ftorlile  itumcn  I ,  superior. 
Fonik  iiiuucnt  mosily  5,  the  sixth  nbortiTe. 
Sumeni  not  gjnandrous,  regularly  3  or  S. 
Antliuis  cxtrorso.    ScamenE  3,  bcfuro  tho  sepali. 
Anthen  inirorae,  when  a  before  tho  inner  pcrinMh. 
Antlicr-retU  icpaiatcil  by  a  bninil 
t  Antlicr-cclla  approximolo  or  joined. 

^^^^^    Loavo  not  wutfy.     Sli'nu  from  bulbs. 
^^^^^L.  LesTcs  scurfy  or  woolly.    No  bulbs. 
^^^^H      TnTestriiU.     SIiuiicdb  3  or  6. 
^^^^^K      Mostly  epiphytes.     Slumcns  G. 


B  U  BX  ASN 1 ACEX. 


S.    Flowen  diccrious,  with  n  G-meraus  (icrianth  adherent  to  the  i 

with  a  mTnnto  embryo  in  linrd  olburacn.    Leaves  rihhed  nnd  netted- 
il,  BTtienliited  wiili  tlic  stem.  Dioscoriucea. 


fJnmp  T.    Flowers  dimcions  or  perfeet ;  Iho  regular  perianth  Tiec  from  the  o«ry, 

Slrlcs  or   scaiilo  sligmBS   distinec.      Bmbrjo   minule   in   bard   nlbm 

Leaves  more  or  less  ncttcd-vcined.  Shilai 

Gravp  8.     Flowers  perfect,  not  from  a  spalhe,  wlih  iho  regular  6-merous 

anlh  firec  from  llic  ovary.    Seeds  anatropoa!!,  With  slbtUneU. 
Pnianib  not  elntnnceoiiB,    Leaves  pnmllcl-vcincd. 

Authcn  intram!.    Styles  united  into  one.  LlLlxtEJ. 

Aniben  cxirorM-     Styles  mostly  BepHrato.  Mblahtuacrjk. 

Pniooth  glumaceouB.    Btyles  united  into  one.  Ji;!icackx. 

Gnup  9.  Flowers  perfect,  developed  from  a  spathe,  commonly  (omewhal  ir~ 
rfgnlnr,  tho  S-merous  pcrisialh  free  from  the  ovary.  Seeils  anatropous,  with 
albumen.    Arjunliei.  Poxtbdkkijiceje. 

CrvHp  10.  Flowers  with  a.  double  or  imbrioated  perianth,  IVeo  fttim  tho  ovsrj ; 
the  exterior  divisions  (sepals)  herlMceous  or  gluinaceous ;  the  inner  {pet- 
*U|  potoloid,  free  from  the  one.  to  ihree-celled  ovary.  Seode  3,  3,  or  many, 
onhotropous ;  tlie  embiyo  at  the  extremity  of  the  nlbiunen  farthest  liom  tho 

Floiran  j^rfcct.    Sepals  horbaeeons.    Petals  colored,  Cohvbltvacb^s. 

Flowcn  perfect,  eapitat«.    Sepals  and  bracta  giumaccoiu.  XrBinAC*.«. 

nownn  tnonarcious  or  dicrcious,  capitate.  ExiocACLOSACrEx. 

Gmip  11.  Floirera  imbricntHl  with  glnmaccous  bracts  (glumes),  anil  disposed 
in  spikelets  ;  the  projier  perianth  none  or  nidimeDtary.  Ornry  onc^rcUcd, 
onc-ovulcd.  Seed)  anatropous.  Embiyo  at  tho  extremity  of  tho  albainen 
next  (he  hilam. 


II  of  tho  lenvcH  closed.     Glume  or  bract  single. 
■  open.     Glumes  mostly  in  pairs. 


CxftKXCKX. 
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928.  Ord.  PbIdii  {Palmi).  Cliiefly  trees,  wiih  unbrandied  cylin- 
drtcal  trunks  growing  hy  a  terminal  bud.  Leaves  large,  clustered, 
fan-shaped  or  piniiafed,  pliiiled  in  \'ernaiioii.  Flowers  snuiU,  per^ 
feet  or  polygamous,  mostly  wilh  a  double  (6-merous)  perianth  ;  ihe 
stamens  usually  as  many  as  tlie  petnls  and  sepals  togellier.  Ovnry 
1  -  3-celled,  with  a  single  ovule  in  each  cell.  Fruit  a  drupe  or  berrj*. 
Seeds  wilU  n  cartilaginous  albumen,  often  Lollow ;  tUe  embrjo  placed 
in  a  small  sepurate  cavity.  —  Ex.  Falms,  the  most  mnjeslic  race  of 
plants  within  tjie  tropics,  and  of  the  highest  value  to  nuuikind,  are 
scarcely  found  beyond  the  limits  of  these  fiivored  regions.  The 
Date-lrce  (Phanix  dactyl ifera,  the  leaves  of  which  are  ihc  Fblmi 
of  Sciipture),  a  native  of  Norlhem  Africa,  endures  Ihe  climnle  of 
the  opposite  shores  of  (he  Jlpiliierranean :  while  in  the  New  World, 
Chamierops  Palmetto  (Fig.  184),  the  only  arborescent  specie*  of  llie 
United  Slates,  and  one  or  two  low  Palms  with  a  creeping  caudex 
(Dwarf  Palniello),  extend  from  Florida  to  North  Carolina.  Palms 
afford  food  and  raiment,  wiue,  oil,  wax,  flour,  sugar,  salt,  thread, 
weapons,  utensils,  and  habitations.  The  Cocoanut  (Cocoa  nucifero) 
is  perliaps  the  most  important,  as  well  a^  ihe  most  widely  diftiised 
species.    Besides  its  well-known  fruit,  and  ihe  beverage  it  conlaiiu. 


the  hard  tnmks  are  employed  in  the  construction  of  hutsj  the  ter- 
minal bud  (as  iu  our  Pidmetto  and  other  Cablmge  Pftlm?)  is  a  deli- 
cious article  of  food;  the  leaves  arc  used  for  thatching,  for  making 

yia.  1196.  DnDFh  of  III*  loBoFHMnn  sf  Cbunnnin  hyllrii  (BliH  riliwtlal.  II3T.  A 
Mirile  flaWBr.  \VJ&.  FerlHl  Bn>n.  vllh  Iho  nlji  ind  conilli  nmcmnl.  UB9.  Huic.  niUl 
Ibrn  orih' •tiuoena  nrniaTed,  n  u  moTp  dlillDctly  lo  iboT  the  thm  ■DDHwbit  DDlHd  rurrlik 
13D0.  Ode  of  tba  cnnwLj  cnlu^,  nvn  labmllj.    1:ini.  Suse,  wilh  i  iKihRi  t«  lu  Ismt  1>i*. 

bDlla>>lbiiiii«iiu<liilw  [h>  nuU  oDbCTa  In  ■  HpumU  Utlls  earilj.    UOS.  SHflsatf* 
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hats,  baskets,  mats,  fences,  for  torches,  and  for  writing  upon ;  the 
stalk  and  midrib  for  oars ;  their  ashes  yield  abundance  of  i)Otash  ; 
the  juice  of  the  flowers  and  stems  (replete  with  sugar,  which  is 
sometimes  separated  under  the  name  of  Jagery)  is  fermented  into  a 
kind  of  wine,  or  distilled  into  Arrack ;  from  its  spathes  (as  from 
some  other  Palms),  when  wounded,  flows  a  grateful  laxative  bever- 
age, known  in  India  by  the  name  of  Toddy  ;  the  rind  of  the  fruit  is 
used  for  culinary  vessels ;  its  tough,  fibrous,  outer  portion  is  made 
into  very  strong  cordage  ( Coir  rope)  ;  and  an  excellent  fixed  oil  is 
copiously  expressed  from  the  kernel.  Sago  is  procured  from  the 
trunks  of  many  Palms,  but  chiefly  from  species  of  Siigus  of  Eastern 
India.  Canes  and  Rattans  are  the  slender,  oflen  prostrate,  stems  of 
species  of  Calamus.  —  The  Phy telephas,  or  so-called  Ivory  Palm, 
of  Central  America,  the  seeds  of  which  are  the  Vegetable  Ivory  now 
so  commonly  used  by  the  turner,  in  place  of  ivory,  for  small  articles, 
is  not  a  genuine  Palm,  having  polygamo-dioccious  fiowera  with  a 
rudimentary  perianth,  or  none  at  all,  &c.  It  is  proposed  as  the  type 
of  an  order  (PiiYTELEPHANTEiE)  ;  but  may  for  the  present  be  ap- 
pended to  the  Palms;  between  which  and  the  succeeding  orders 
stands  the 

929.  Ordi  PandanaeeS ;  tropical  arborescent  plants,  of  Palm-like 
port,  but  their  simplified  diclinous  flowers  destitute  of  a  perianth,  the 
one-celled  ovary  many-ovuled.  The  seeds  of  Pandanus  (the  Screw- 
Pine,  Fig.  140),  &c.  are  eatable.  From  the  young  leaves  of  Car- 
ludovica  the  famous  Panama  hats  are  braided. 

930.  Ord.  T^phaeeS  {the  Cat-tail  Family)  consists  of  two  genera ; 
namely,  Typha  (the  Cat-tail),  and  Sparganium  (Bur-reed),  of  no 
important  use.  They  are  spadiceous  plants  with  excessively  re- 
duced flowers,  having  no  perianth. 

931.  Ord.  AraeeS  {Arum  Family),  Herbs,  with  a  fleshy  corm  or 
rfaizoma,  oilen  shrubby  or  climbing  plants  in  the  tropics ;  the  leaves 
sometimes  compound  or  divided,  commonly  netted-veined.  Flowers 
mostly  on  a  spadix  (often  naked  at  the  extremity),  usually  surround- 
ed by  a  spathe  or  hood  (Fig.  313,  314).  Flowers  commonly  monoe- 
cious, and  destitute  of  envelopes,  or  with  a  single  perianth.  Ovary 
one-  to  several-celled,  with  one  or  more  ovules.  Fruit  a  berry. 
Seeds  with  or  without  albumen.  —  Ex,  Arum,  Calla,  S^inplocarpus 
(Skunk-Cabbage),  Orontium,  Acorus  (Sweet  Flag) :  the  three  latter 
bear  flowers  furnished  with  a  perianth.  —  All  arc  endowed  with  an 
acrid  volatile  principle,  which  is  merely  pungent  and  aromatic  in 

41* 
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Sweet  Flag  (Acorus  Cnlnmuf!),  but  extremely  sharp  in  Amm, 
Indian  Turnip,  &c-  Tlie  aerid  princ-iple  o(  these  plants  is  volatile, 
and  is  dissipnied  by  heat  or  in  drying.  'Wlien  cooked,  their  farina- 
ceou*  corras  arc  eatable.  Tlmt  of  Taro  of  the  South  Sea  Islandf. 
and  ^mc  other  epccies  of  Coloca-'ia,  lire  important  articles  of  food. 
S}-mplocaipus  foctida  exhales  a  strong  odor,  very  like  tliat  of  iht 


skunk,  whence,  as  it  Ims  Inrge  and  roinidish  leaves  in  a  radical  clii?' 
ter,  it  is  calli'd  Skunk  Cabbage.  The  roots  have  been  used  in  medi- 
cine ns  an  a«ti*pn>;modic. 

9.12.  Oril.  ItmnatdB  {Durktcfed  Famiiff),  consisting  chiefly  ol' 
Ijonnia  (Duckweed  or  Water  Flax-seed)  ;  floating  plant-!,  with  their 
roots  (if  any)  arising  from  th<!  boilom  of  a  flat  fi-ond,  and  hanging 
loo^e  ill  Iho  water ;  llieir  flowers  piiHluced  from  tin:  margin  of  ihi' 
frond,  bursting  through  a  incmhninous  spathe ;  the  sterile,  of  one  «t 


FIO   12W.    Ton; 


u  nd,  vllb  lu  lorgF  gLobuli 


^nibrjoul  pluDiula:  in  Chii  plwl  tbur U 
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two  stamens ;  the  fertile,  of  a  one-celled  ovary ;  in  fruit  a  utricle  : 
they  arc  a  kind  of  minute  and  greatly  reduced  Aracess,  connecting 
that  order  with  the  next. 


1214 


191S 


ISIS 


1S19 


I21S 


1217 


1218 


933.  Ord.  NaiadaceS  {Pondweed  Family).  Water-plants,  with 
cellular  leaves,  and  sheathing  stipules  or  bases :  the  flowers  incon- 
spicuous, sometimes  perfect.  Perianth  simple  and  scale-like,  or 
none.  Stamens  definite.  Ovaries  solitary,  or  two  to  four  and  dis- 
tinct, one-seeded.  Albumen  none.  Embr^'O  straight  or  cur^'cd.  — 
Ex.  Potamogeton  (Pondweed),  Najas,  Huppia,  Zostera  ;  the  two 
latter  in  salt  or  brackish  water. 

934.  Ord.  Alismaees  {Water-Plantain  Family).  Marsh  herbs, 
with  the  leaves  and  scapes  usually  arising  from  a  creeping  rhizoma ; 
the  former  either  linear,  or  bearing  a  flat  limb,  which  is  ribbed  or 
nerved,  but  the  veinlets  commonly  reticulated.  Flowers  regular, 
perfect  or  polygamous,  mostly  in  racemes  or  panicles,  not  on  a  spa- 
dix.  Perianth  double,  the  three  petals  commonly  different  from  the 
sepals,  so  as  evidently  to  represent  a  calyx  and  a  corolla.  Seeds  soli- 
tary in  each  carpel  or  cell,  straight  or  curved,  destitute  of  albumen. 
—  .£b;.  Alisma  (Water-Plantain),  Sagittaria  (Arrowhead);  belong- 
ing to  the  proper  Alisma  Family,  which  has  the  seed  (and  consc- 


FIG.  1212.  Whole  plant  of  Lemna  minor,  magnified,  bearing  a  staminate  monandrous  flow- 
er. 1213.  An  individual  witli  a  diandroos  perfect  flower ;  which  at  1214  \i  seen  separate,  with 
Ks  fpatbe,  highly  magnified.  1215.  Flower  of  Lemna  gibba,  much  magnified.  1216.  Vertical 
U|^ly  magnified  section  of  the  pistil  and  the  contained  ovule  of  Lemna  minor.  1217-  The 
fruit,  and  1218t  its  section,  showing  the  seed.  1219.  Section  through  the  highly  magnified 
■Md  and  large  embryo. 
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quently  the  embryo)  curved  or  doubled  upon  itself.     TrigIo(rhin  ai 
Scheuchzeria  chiefly  constitute  tlie  suborder  Jukcagine^g  ;  wliefe 
the  seed  and  enibrj'o  arc  straighl,  nnd  the  petals  (if  preseni)  sre 
greeiiish  like  the  calyx.     Siighlly  acrid  plauU,  uud  a 
astringent. 


935.  Ord,  BqIOMBCCICp  represented  by  Butomus,  the  Flowering- 
Rush  of  Euroiw?,  and  three  smiill  tropieal  genera,  is  a  form  of  the 
last  w-ith  many  ovules  otiuebed  to  the  whole  face  of  tlie  corpela; 
the^e  are  separate  or  combined.     Some  liavc  a  milky  juice. 

93C.  Ord.  Hydrocharidtttta  (Frog's-hit  Family)  consists  of  a 
aquatic  herbs,  with  dioscious  or  polygamous  reguhir  flowers  on  scape- 
like  pedunelea  from  a  spallie,  and  simple  or  double  flurul  cnvelo[>e% 
e  united  in  a  tube,  and  adnate  to  the 
mly  one-celled  willi  three  parietal 
,  without  albumen. — ix.  LininoUum, 


P 


which  in  the  fertile  flowci 
1-G-celled  i 
placentiB.     Seeds  r 
Vallisneria,  Aimcliaris. 

937.  Ord.  OrthidaceiE  {Orchis  Family).  Herbs,  of  varied  aspect 
and  form ;  distinguished  from  the  oilier  orders  wiili  an  ndnate  ovhty, 
and  from  all  other  plants,  by  their  irregular  flowers,  wilb  a  perianth 
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of  BIX  parts ;  their  single  fertile  stamen  (or  in  Cypripedium  their 
two  stamens)  coherent  with  the  style  (composing  the  eolumH.)  ;  th'eir 
pollen  usually  combined  into  two  or  more  granular  or  waxy  masses 
[poUinia)  ;    the    ovary  one^elled,  with  three  parietal  placentae, 


eorered  with  numerous  minute  seeds.  — Ex.  Orchis,  Cypripedium 
(Ladies'  Slipper),  Arcthusa,  &c.  In  the  tropics  many  are  Epiphytes 
(149,  Fig.  144).  Mnnyare  cultiTated  for  their  beauty  and  singu- 
krity.  The  tuberiferoua  roots  are  often  filled  with  a  very  dense 
mucilaginous  or  glutinous  substance  (as  those  of  our  Aplcctrum, 
thence  called  Putty-root).  Of  tills  nature  is  tlie  Salep  of  commerce, 
the  produce  of  some  unascertained  species  of  Middle  Asia.  The 
fragrant  VaniUa  is  the  fleshy  fruit  of  Vanilla  planifoiia  and  other 
tropical  American  species.  The  roots  of  Cypripedium  are  used  as 
Jt  substitute  for  Valerian. 

938.  Ord.  ZlngilKraeeiB  {Gingtr  Family)  consists  of  f^ome  mostly 
showy  tropical  aromatic  herbs,  the  nerves  of  their  leaves  diverging 
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from  a  midrib  ;  liie  ndiuite  periaiilh  irregular  and  triple  (liaving  a 
corolla  of  Iwo  scries  as  well  «a  a  calyx) ;  fertile  etninen  one,  on  llie 
anterior  side  of  the  dower,  free ;  tlie  fruit  a  Uiree-celled  cnpsiilc  or 
berry;  the  seeds  several:  with  the  cmbiyo  in  a,  little  sac  at  one 
extremity  of  the  farinaceous  albumen.  —  There  are,  in  foct,  six 
stamens  in  the  nndnncium,  tbe  lliree  exterior  |ietaloid  and  forming 
the  fo-calied  inner  corolla,  and  two  of  the  inner  verticel  are  sterile. 
— Their  proi>eriifa  and  economical  uses  are  well  represented  by  the 
pungent  aromatic  rootstock  of  Ginger  (Zingiber  officinale),  Galiti- 
gale  (Alpiuia  Galanga,  t&c.),  the  eeed«  of  Cardamon,  &c.  The  ^ataK 
cordial  qualities  in  lesser  degree  exist  in  the  roots  of  Cureuma 
longa,  &e.  which  furnish  tbe  coloring  matter  called  Turmeric;  while 
Other  species  yield  starch,  like  the  closely  allied 

030.  Onl,  CanDBCeEE  (Arrowroot  Family),  which  also  consists  of  troiv 
ieol  plnnlK,  dilfers  from  the  preceding  chiefly  in  tlie  want  of  aroma, 
and  in  having  the  single  fertile  sljimea  posterior,  'n'iih  n  one-ccUeil 
anther. — Ex,  Manuita  arundinacca,  which  yields  l\ie  Arroteroot  kX 
the  West  Indies ;  the  lul>era  of  which  are  filled  with  starch. 

040.  Ord.  HuUtCCS  {Buhuho  Family).  Tropical  plants,  of  which 
the  Uoiianii  niid  I'laiitiiin  arc  tlie  type;  diatinguished  by  their 
simple  [)eriaiith  and  five  or  six  perfect  stamens.  The  fruit  is  an 
important  staple  of  food  in  llio  tropics ;  the  gigantic  leaves  arc  used 
in  thatching ;  and  the  fibres  of  Musa  texlilis  yield  Manilla  hemp,  ui 
well  as  a  finer  fibre  i'ram  which  aome  of  the  most  delicate  India  mus- 
lins are  made. 

041.  Ord.  BunnunnineeiE  consists  of  small,  mostly  tropical,  annual 
herbs,  commonly  with  a  one-celled  ovary  and  tbi'ee  parietal  ploceniir-, 
(but  in  several  the  ovury  is  ihree-celled) ;  difiering  from  Orehidncett 
by  their  regular  flowers  with  three  stamejis ;  and  from  Iriduoi'a:  hy 
the  ])osition  of  these  before  the  inner  divisions  of  the  periaatli,  the 
itttrorse  anthers,  &c.  —  £x.  Burmannia  and  Apleria,  of  the  S 
era  States. 

942.  Onl.  IriilflCtn  (/m  Family).  Perennial  herbs ;  tlie  f 
st«ins  springing  from  bulbs,  corms,  or  tliizomas,  rarely  t 
roots,  mostly  with  cquitunt  leaves.  Flowers  regular  or  irrcpiUr, 
showy,  often  springing  from  a  spathc.  Fcritmlh  wilh  the  tube  ad- 
herent to  the  three-celled  ovary,  and  usually  elongated  above  it  j  the 
limb  six-parted,  in  two  series.  Stamens  three,  distinct  or  monadel- 
phous;  the  ambers  exirorse  1  Stigmas  tliree,  dilated  or  pomtoidl 
Seeds  with   hard  albumen. — Ex.    Iris,  Crocus, 
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Gorms,  &C.  contain  Btarch,  with  some  rolntile  (tend  matter.     Those 
of  Iris  crUlata  are  very  pungent ;  those  of  I.  versicolor,  &c  are 


Orrit-rool  ia  llic  dried  rhizomn  of  Iris  ilorentina,  of  South- 
era  Europe.  The  irae  Saffron  consists  of  the  dried  orange-colored 
stigmfts  of  Crocus  ^ntivus. 

943.  Ord.  Amarjllidatta  {AmartfllU  Familij).  Dulhou:}  planta 
(sometimes  wiili  fibrous  roots),  bearing  ^Iiowy  flowers  mostly  on 
ecapca.  Perianth  regular,  or  ncarl/ so ;  the  lul«  adlicrcnt  to  the 
ovarj-,  and  often  produced  above  it,  Bix-]>arted.  Sliuncns  sin,  dis- 
tinct, Willi  introrse  anthers.  Stigma  iiudivided  or  ihrec-lobcd. 
Fruit  fl  ihrce-ccllcd  capsule  or  berry.  S<'cds  with  fleshy  albumen. 
— £c.  Ainarjilis,  Nai-cissiij,  Crinum, &c. ;  moslly ornamental  pknts. 
The  bulbs  acrid,  emetic,  &c. :  tliosc  of  I  lie miu)thu«  (with  whose  juice 
the  Ilolteiilots  poison  their  arrows)  are  extremely  venomous.  The 
fermented  juice  of  Agave  is  the  into."tic:iling/-'H/y«eof  (he  Mexicans. 
Hypoxys,  which  has  been  taken  as  the  tyi>e  of  nn  order,  may  proj>- 
eriy  be  referred  to  this  fiunily. 


ia  (tIsMU.    1940.  riM  nmiiil 
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944.  Ord.  Bromeliacea!  (Pine-Apple  Family)  conswta  of  Amcricaa 
and  chiefly  tropical  plaiits ;  willi  rigid  and  dry  clmnnelli^d  leavi*!^ 
often  willi  a  Bcurfy  RiirfaCR,  a  mostly  ndnale  periantli  of  lliree  frcjiala 
and  llireG  petaLu,  and  six  or  more  elumens ;  tlie  seciis  v/'uh  mealy 
albumen.  —  Ex.  Aiiana^sa,  flic  Fine-Apple;  the  Jine  fruit  of  which 
la  formed  by  the  consolidation  of  the  imperfect  flowere,  braeLs  and 
reeeptade  into  a  succulent  mass.  Tillandsiu,  the  Black  Mo»s  or 
Long  Moss  (which,  tike  mo£t  Bromeliaa,  grows  on  the  tnmka  and 
branches  of  trees  in  the  warmer  and  humid  parts  of  America),  has 
the  ovary  free  from  tlie  perinnilu 

0-15.  Ord.  HemodoraceiE  {Bloodwort  Family)  is  composed  of  peren- 
nial herbs,  with  libi'o<is  root.<,  equitant  or  ensiform  leaves ;  whicli, 
with  llio  stems  and  flower>,  are  commonly  densely  clotlir^d  wiih 
woolly  hairs  or  BCurf.  Pei-iimth  with  the  tube  either  nearly  freu 
from,  or  commonly  adherent  to,  the  three-celled  ovary ;  ihc  lunb 
six-cleft,  regular.  Stamens  six,  or  only  three,  willi  inti-orso  anlhcrB. 
Style  single,  the  stigma  Blanding  over  the  dissepiments  of  the  ovary. 
Embrj'o  in  cartilaginous  albumen. — Sx.  Lochnanthes  (Red-Root), 
Lophiola.  —  Some  have  a  red  juice.  The  roots  are  asti^ngent  wid 
tfliiie,  especially  in  Aleiris- 

94G.  On).  Dioscortares  ( Tnm  Family)  consists  of  a  few  twining 
plants,  with  large  tubei-ous  roots  or  knotlerl  rootstocks ;  distinguirthed 
among  Endogens  by  their  ribbed  and  netted-veined  leaves,  with  dis- 
tinct petioles,  and  by  their  inconspicuous  dicceious  flowers,  with  the 
perianth  in  the  pistillate  flowers  adhei-ent  to  tlio  ovary  j  the  i 
six-clofl  in  two  series.  Stamens  six,  Orary  three-celled,  willi  41 
one  or  two  ovules  in  each  cell :  styles  nearly  distinct.  Fruit  ol 
a  lliroc-winged  capsule.  Albumen  cartilaginous. — Kr.  Dios 
The  tubers  of  one  or  or  more  species,  filled  witli  starch  and  muciluga 
(but  more  or  less  acrid  until  cooked),  are  Yam»,  an  impoitant  article 
of  food  in  tropieiil  countries. 

947.  Otii,  Smilaeeffl  {Smilax  Family)  is  also  remarkable  f 
Endogens  for  nelled-veined  leaves.  It  consists  bolh  of  herbs  a 
shrubby  plants  eliinbing  by  tendrils  ;  the  perimilh  is  free  from  i 
ovary ;  tlie  mostly  three  styles  or  sessile  stigmas  are  eotirely  J 
tiiict  i  the  anthers  ore  introrse  ;  and  the  fruit  is  a  berry. 
minute,  in  hitrd  albumen. — In  the  7Vu«  Siailax  Family,  the  flovi 
are  dioecious  and  a^dlliuy;  the  six  divisions  of  the  perianth  are 
alike;  the  anthers  are  one-celled,  and  the  fewtseeds  are  orthotro[>nas 
and  pendulous.     They  are   mostly  shrubby   and   altenuUe-leKV^ 
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plants.  Ex.  Smilax  (Greenbrier,  &c.) ;  fi»r  the  most  important 
Bpecie9  is  S.  officinalis  of  tropical  America,  the  rootstocks  of  which 
are  the  ofRcinal  SarsapariSa. 

948.  SQbord.  Trilliaees  {TriRium  Familj/)  congists  of  low 
berbs,  with  wliorled  leaves  and  per- 
fect flowers,  which  in  the  largest 
genus,  Trillium,  have  a  green  calyx 
and  a  colored  corolla;  the  anthers 
are  tn-txelled  ;  the  seeds  anatropous 
and  rallier  numerous.  —  The  short 
rootslock:  of  Trillium  (Fig.  169), 
called  Jiirthroot,  has  a  place  in  the 
popular  materia  medica  ;  but  it  is 
doubtful  if  it  really  possesses  any 
useful  properties. 

949.  Ord.  lilllteB  (Lily  Family).  Herbs, 
with  the  flower-stems  springing  from  bultw, 
tubers,  or  with  fibrous  or  fascicled  roots. 
Leaves  simple,  sheathing  or  clasping  at  the 
base,  parallel-veined.  Flowers  regular,  per- 
fect. Perianth  colored,  mostly  of  six  parts, 
or  six-ckn.     Stamens  six:  anihers  introrse.  '*** 

Ovary  frei^,  ihree-celled :  the  styles  united  into  one.  Fruit  capsular 
or  baccate,  with  several  or  numerous  seeds  in  each  celL  Albumen 
fleshy.  —  This  large  and  widely  diffused  order  comprises  a  great 
variety  of  forms :  the  Lily,  Dog-tooth  Violet,  and  Tulip  represent  one 
division  ;  the  Tubero^,  a  second ;  the  Aloe  and  Yucca,  a  third ; 
the  Ilyiicimh,  the  Onion,  Leek,  and  Garlic  (Allium),  and  the  As- 
phodel, a  fourth ;  the  Asparaguii,  Lily  of  the  Valley,  and  Solomon's 
Seal,  a  flAli,  which  is  nearly  allied  to  Ihc  order  Smilacete.  Acrid 
and  often  bitter  principles  prevail  in  the  order,  and  arc  most  concen- 
trated in  tjie  bulbil,  &,q.',  which  abound  in  stnrehy  or  mucilaginous 
matter,  and  are  oflen  edible  when  cooked.  SqailU  are  the  bulbs  of 
Scilla  nmiilima  of  the  South  of  Euroi>o.  Ahtt  is  the  acrid  and 
bitter  in4pi!<sated  juice  of  the  succulent  leaves  of  species  of  Aloe. 
Hie  original  Dragon^ i-Hood  was  derived  from  the  juice  of  the  fa- 
mous Dragon-tree  {Dracrena  Draco)  of  the  East.  —  The  leaves 
of  Phormium  tenax  yield  the  New    Zealand  hemp,  one   of  the 
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strongest  vegetable  fibres  known.     Many  are  [!ic  onmments  of  fl 
gardens  and  conseiratories. 


950.  Onl.  MdnlhaMfB  {Colekieum  Famihj).     Herbs,  -wiih  I 
conns,  or  rasi'tculiilud  rool^.     Perianth  regular,  in  a  double  i 
the  sepals  and  petals  either  dislincl,  or  united  below  into  a 
Stamens  six,  with  extrorse  uuthers  (rxceirt  in  Tofieldia  and  Ple*a), 
Ovaiy  free,  tliree-celled,  sevei'al-secdcd :  styles  distinct.     Albumen 
fleshy.     The  true  MclanlhaceE,  or 

951.  Snbonl.  Melanlllieie  have  &  mostly  seplicidal  capsule 
mnrcei^cent  or  pctsisiciit  pcriautti.  —  Ejc.  Coleliicnm  has  a  p 
with  a  long  tube,  arising  from  a  subterranean  ovary; 
morkable  for  flowering  in  the  autumn,  when  it  ia  Ii<afless,  ripening 
its  fruit  and  pi-odufing  its  leaves  the  following  spring.     In  moet  of 
the  order,  the  leaic-s  of  the  j>eiiaQth  are  uncombiued;  as  in  Vm 
trum  (White  Ilellcboro),  llelonins,  &c.     Acrid  and  drastic  ■[ 
ous  plants,  with  moi'e  or  less  narcotic  qualities  g  cbiefly  A 
peculiar  alkaloid   priuciph-,  named  Vtralria,  which  i 

na.  VU-.     Er>'thr(Hiluin  An 
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trocted  from  the  seeds  of  Sabadilla,  or  Cebodilla;  the  produce  of 
St-'bcenocauloQ  oiGcinale,  &c.  of  the  Mexican  Andes.  The  seeds  and 
the  corma  of  Colchicum  are  used  in  medicine. 


952.  Snbord.  Urnlarien  (BeSteorl  Family)  has  a  fcw^scedcil  loculi- 
cidal  capsule  or  bom-,  more  or  less  united  Etj'lc^,  and  a  deciduous 
perianth  ;  the  ptc-ms  from  rootslocks. — Ex.  Uvuhiria. 

9o3.  Ord.  JDDCBtCS  {Ruth  Family),  llcrliaccou^,  mostly  grass- 
like  planis,  often  leafless ;  the  small  glumaceous  flowers  in  clusters, 
cymes,  or  lieads.  Perianth  mccilly  dry,  greenish  or  browni:>h,  of  six 
leaves  (sG[>uls  and  petals)  in  two  series,  Slamens  six,  or  three : 
anthera  inlrorse.  Ovary  free,  three-celled,  or  one^celled  from  the 
placenta:  not  reaching  the  axis ;  their  styles  united  into  one :  stig- 
mas Ihroe.  Copsule  three-valved,  few-  or  many-seeded.  Albumen 
fleshy. —  Ex.  Juncus  (Rush). 

9{>4.  Ord.  PonltdtriacCS  {Pickerel-weed  Family)  comprises  a  few 
aquatic  plants,  with  the  flowers,  either  solitary  or  spicate,  arising 
from  a  s|iathR  or  from  a  fissure  of  the  petiole;  the  six-cleft  and 
colored  pi^riniitli  persistent  and  withering,  often  adherent  to  the  base 
of  the  three-celled  ovary ;  the  stamens  three,  and  inserted  on  the 

no.  12G2.  CoLehlFOB  uitDmii^',  mflomriDK  plut.  12S3.  Ftrlulh  Uld  open.  12^4. 
Phtll,  wllh  Uw  long  dlitloet  flflM.    12jj     Lmry  tttm  uul  rnilt  (np»L«  opnilng  bjr  ttpH- 
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throat  of  Ihe  porianlh,  oi'  six,  nud  unequal  in  fiilua.tion. 
anatropou»,  numerous ;  but  the  fruit  often  one-cdled  nnd  oi 
—  Ex.  Pontederift  (Pickerel-weed),  Holcranlhern,  &c. 

955.  Onl.  CominelyilBceie  {Spiderwort  Fnmiiy),  with  usunlly  she&tln 
iiig  leaviM ;  distinguished  from  other  Kndogens  (except  Alismaccse 
and  Trillium)  by  ilie  manifest  distinction  between  the  aJpt  and 
corolla;  the  former  of  three  herbaceous  sc{ni1s;  the  latter  of  xa 
many  delicate  colored  petnls.  Stamens  six,  or  fewer:  antliers  with 
two  separatetl  cells :  tiliiments  often  clollicd  with  jointed  hnirg, 
hypogynous.  Ovary  two-  or  three-celled:  styles  united  into  one. 
Capsule  few-seeded,  loculicidaL  Seeds  ortholropous,  Embrj-o 
small,  pulley-shajted,  partly  sunk  in  the  apex  of  the  albumen. — 
Ex.  Commelyna,  Tradescantia  (Spiderwort)      Mucilaginous  plants. 

95C.  Ord.  XjTillBHlt.  Low,  rush-like  plants ;  with  ensiform,  grasjy 
or  filiform  ruillcul  leaves,  sheathing  the  base  of  a  simple  scnpo, 
which  bears  a  head  of  flowers  at  the  apex,  imbricated  with  bracts. 
Calyx  of  three  glumaccous  sepals,  caducous.  Petals  three,  with 
claws,  more  or  less  united  into  A  monopelolous  tube.  Stamens  six, 
inserted  on  the  corolla ;  three  of  them  bearing  cxlrorse  anthers, 
the  others  mere  sterile  filamenLi.  Ovary  one-celled,  with  three 
parietal  pliicentie,  or  three-celled:  styles  partly  united;  stigmas 
lobed.  Cap.'iiile  many-seeded.  Seeds  orthotropous,  albuminous. — 
Ex.  Xyris  (Yil!ow-eyed  Grass). 

957.  Drd.  EriocBulonaces  {PipetcoH  Family).  Aquatic  or  marsh 
herbs,  with  nuich  the  struclure  of  the  preceding;  tlieir  Icuvcs 
luhir  or  fleshy  ;  their  minute  flowers  (momccious  or  diccdt 
crowded,  along  with  scales  or  haint,  into  a  very  compact  head  : 
corolla  less  ]>etaloid  than  in  Xyridacen?;  the  six  stamens  often 
perfect;  the  ovnles  and  seeds  soUlary  in  each  cell. — Ex.  Eriocai 

958.  Ord.   Setliaces   consists    of  South  African    and   Ausi 
Rush-like  jilnnls,  with  the  aspect  of  Cyperaoeat,  but  with  oi 
anthers  and  orthotropous  seeds. 

959.  Ord.  CyperatCir  (Sedge  Family/).  Stems  (mitnt) 
solid,  KBSpitose.  Slieatbs  of  the  leaves  closed.  Flowers  one  ii 
axil  of  each  glumaccous  bract.  Pcriantli  none,  or  a  few  bristles. 
Stamens  mostly  ihree,  hypogjiious.  Styles  two  or  three,  more  or 
less  united.  Fruit  an  uchenium.  Embrjo  small,  at  the  extremity 
of  the  seed  next  the  hihim.  —  Ex.  Cypenis,  Seirpus,  Cnrcx  (Sedg^^t). 
Tlie  herbage  is  little  eaten  by  cattle.  Some  Cliibrushes  are  used 
tor  making  mats,  duur-bottoms,  &c    The  papjptu  of  the 
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was  irmde  from  the  stems  of  Cyperua  Pai>yru8.  The  tuben  of 
C.  esculentus  are  sweet  and  edible,  but  are  too  small  to  be  of  much 
value  for  food. 


960.  Ord.  Gramincc  (  Grau  Family).  Stems  {evinu)  cylindrical, 
mostly  hollow,  and  closed  at  the  nodes.  Sheaths  of  the  leaves  split 
or  open.  Flowers  in  little  spikelct?,  consisting  of  two-ranked  imbri- 
cated bracts ;  of  which  tlie  exterior  are  called  glume*,  and  the  two 
that  inimodialely  enclose  each  Aower,palem-  Perianth  none,  or  in 
the  form  of  very  small  and  membranous  bypogynous  ecales,  from 
<me  to  three  in  number,  distinct  or  united  (termed  tqucanula,  iqua- 
tiuffa,or  lodicula).  Stamens  commonly  three:  anthers  versatile. 
Styles  or  stigmas  two ;  the  latter  feathery.  Fruit  a  earyopeb. 
Embryo  situated  on  the  outside  of  the  farinaceous  albumen,  next  the 

na.  IZnS.  Srlrpoj  triqneter,  wllh  lU  clnitzT  of  ipUuML  12G9.  A  Hpoata  Ormt,  to- 
kD(id,  ihsirlni  lU  nidlm«(U7  pcrlulfa  Dtl  tm  dcDticnliti  brlitls,  lU  thm  HuHina,  ud 
pbtll  with  ■  thm-ckfl  MjW :  s,  •eeUon  of  Of  mi,  ihowliic  tha  mlaat*  nnbija.    IZ80.    Cft- 

attm,  with  ths  itunlnU*  ind  upprr  jiiiUUMlii  tptkt,  of  Ihi  alia  of  nUiin.  1982.  A  (nlc  al 
lb*  (nunliiaU  tjUVt,  with  Uh  flonr  (mnilrtlnc  mmlr  of  thm  itaDHu}  Id  lu  uU.  13E3. 
BbgnUlcd  plalllLita  BowtT,  tIUi  It!  nle  or  bnd :  Iba  onrr  cDckoHd  Id  ■  Uod  etme  (pfri'n- 
lunn},  fonnrd  bf  (hsnnkmof  twobnctleU.  19M.  CnM^Klioa  of  Uw  prrigjnlllin )  vith 
Ite  p>mU,  I-,  nmoTcil.    13S5.    Vtnlcd  •tctloD  <^  lb*  ■ebnlun,  nbcnrliis  Ui*  ncd. 
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hilum  (Fig.  12G-I28,  C22-G24).  — iii.  Agrosijs,  Phleum.  Poa, 
FestucB,  wliicli  nre  tite  principal  memlow  and  pasture  grosses;  Ory- 
T&  (Uice),Zoa  (Miiize).  Avena  (ilie  Oat).Tririfum  (IVLeal).  Sccale 
(Rye),  llordeum  (Barley),  aro  llie  chief  cereal  planU,  cuUivatpd  for 
their  i'ariDnceoua  seeds.  Tliis  universally  diffused  order  ia  one  of 
the  largest  of  llie  vegetable  kingdom,  and  doubtless  tlic  most  impo^ 
tant ;  the  flouiy  albumen  of  llic  seeds  aiid  the  nutritious  herbage 
con.stituting  tlie  ebief  support  of  man  and  the  berbivoroua  anintBld. 
No  unwholesome  properties  are  known  in  the  family  except  in  the 
grain  of  Darnel,  which  is  deleterious.  Ergot,  or  Spurred  Rye,  is 
no  exception,  being  a  morbid  growth,  caused  by  a  parasitic  fungus. 
The  stems  of  grawcs  frequently  contain  sugar  in  considerable  quan- 
tity (especially  when  they  are  solid)  t  as  in  Maize,  the  sweet  variety 
of  Sorgimm  vulgare,  or  Broom-Corn,  and  in  Sugar-Cane  (Saccharum 
ofilcinaruRi),  which  afTord^  the  principal  supply  of  this  article. 


no.  JSaa.    Ont-Bawiind  ifikeM  or  loFuita  of  Atopecunu 
1167.  Saioo,  wllh  the  glnmet  raiuonsl :  u  nim  oq  Um 
Bg«RU  tplktlct  or  ha  AgmUj.    USa.  Vblll-or  ■  Oni 
■od  ttas  tMe  hspngfaaaa  Kilei  ot  iqaunalic,  lirgn  Ibi 
ISTQ.  Tm-floircnd  cpUuInt  of  in  Amu ;  vltta  Ebo  gluD 


iMDlawaanlbsbuk.    13T2. 
{ouyopfii]  of  tbs 


eiUiJDT  polnlcd,  • 


rom  within,  dioirlag  tbs  inner  pnlw,  &e.  UTt.  Tb>  bnu 
obllqoo  icetion  tbroii^  the  iDlrcumcnu  ot  tba  «it»}«, 
137S,  DetubednugDifl«l«nbr;(t:  a,  UulDpstHlcalib- 
la;  i,  the  flnllHf  of  tba  plumule;  <,UiBKCoiid  livtof  Ihc  ]>luinuli;  d,  tin  ndlplt.  Hit. 
lis  oirjopib  of  llonkum  lUsrlsy}.  1277.  A  cnu«ert[on.  UTK.  A  nrtkul  •kUsb,  dm- 
e  Ibo  nlrmal  enibrjn  at  Ibe  bue.  197B,  Mi^lAcd  di:tich»l  emtfrTO,  wHti  lU  brmd  eotjlv- 
muil  Ibo  plumule.    12S0.  Ham  iiui|iiUl«i  ronioil  HcIiDDDCtbi  Bmii  a,  Uw  pIUMnkj  I, 
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Series  n.    Cryptogamous  or  Flowerless  Plants, 

Plants  destitute  of  proper  flowers  (stamens  and  pistils),  and 
propagated  bj  spores  instead  of  seeds. 


ism 


isi 


Class  in.    AcROGENOus  Plants.* 

Vegetables  with  a  distinct  axis,  growing  from  the  apex,  with  no 
provision  for  subsequent  increase  in  diameter  (containing  woody  and 
vascular  tissue),  and  usually  with  distinct  foliage. 

961.  Ord.  Eqnisetaces  {Horsetail  Family).  Leafless  plants ;  with 
striated,  jointed,  simple  or 
branched  stems  (containing  ducts 
and  some  spiral  vessels),  wiiich 
are  hollow  and  closed  at  the 
joints ;  each  joint  terminating  in 
a  toothed  sheatli,  which  surrounds 
the  base  of  the  one  above  it.  In- 
florescence consisting  of  peltate 
scales  crowded  in  a  terminal 
spike,  or  kind  of  strobile :  each 
with  several  thecae  attached  to  its 
lower  surface,  longitudinally  de- 
hiscent. Spores  numerous,  with 
four  elastic  club-shaped  bodies 
(of  unknown  use),  wrapped 
around  them  when  moist,  or 
spreading  when  dry. — Ex,  Equi- 
setum.  The  epidermis  of  Equi- 
sctum  hyemalc  (the  well-known 
Scouring  Rush)  contains  so  much 
silex  that  it  is  used  for  polisliing. 


lau 


\M 


*  For  iUtutntionfl  of  Classes  III.  and  IV.  tee  the  plutcs  of  Manual  of  Oyt 
Botany  of  the  JSorOiem  United  StateM. 

FIO.  1281.  Sammit  of  Um  •tens  of  EqalMtom  •ylTfttknin.  12S2.  Part  of  the  msHm  of  thm 
froeUficsCkm,  vUh  ■ome  of  tiw  fniit-b««ring  orgUM,  ibowo  mafnifiod  in  f\g.  1283,  a  riew  from 
aoderiMBth.  12Si.  A  aapanle  tkeca,  or  *por»  CMf ,  mora  nacniflML  128iS,  1286.  Spora,  with 
Iha  clqh^hapwl  appwidfw 
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9C2.  Ord.  Filitei  (Ferns).  Leafy  plants  ;  with  ihe  Icuvea  {fiondt) 
spirally  rulletl  up  or  oircinote  in  vernation  (except  in  one  suborder), 
usually  rising  from  prostrate  or  subterriinean  rootslocks,  or  in  tree- 
Fema  from  an  erect  arborescent  trunk  (Fig.  100),  and  bearing  on 
the  veins  of  their  lower  Burface,  or  along  tlie  margins,  the  simple 
fructification,  which  consists  of  one-celled  sporo-caaes  (theca  or  ^»o- 
ratigia),  oi>enuig  in  various  ways,  and  dtscliarging  the  numcroiu 


minute  spores.     The  alalk  or  petiole  of  tho  frond  is  lemiud  a 
— There  ure  four  principal  suborders,  via.:  — 


no.  iM- 

-  r.B,pi« 

wnu  rhIiopbjUnt  IWilklag  tan);  the 

qumtlj  do, 

at  tbe  ipo 

i;  UmhtI 

mnpjlng  Uia  Iiitlcul»l«l  Trim 

(jrtiiBtitajo 

dn-lam,  »L 

h'li  U  ruMoed  in  tlic  nstn, 

Ei».    1288. 

Mugiilllcd 

or  this  <U>l>)an  of  r»n»,  n 

pullynirro 

Qi-dingl. 

•iHdiUiig  Iba  Diaule  >po»>  [  ISW). 

udileDd.? 

InwWd  fcrtlB  frood  pInluU 

tli.ftrUl.r 

wi,n..p.lfiH,.hD-l 

gU>--™ll..pdmngi.»«op 

Onof  lh« 

penngli 

<lefl.    12»> 

OphtDgl™ 

g>am  Talpit 

»  (AdJuVtoi>gw)iU»«p. 

1 


t.  Adtffaioa  (idiiwItC 


DglnuMiMiI;. 
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963.  Snbordi  Polypodineif  •  Sporangia  collected  in  dots,  lines,  or 
variously  sliaped  clusters  (sori  or  fruit-dots)  on  the  back  or  margins 
of  the  frond  or  its  divisions,  or  rarely  covering  the  whole  surface, 
stalked,  cellular-reticulated,  the  stalk  running  into  a  vertical  incom- 
plete ring,  which  by  straightening  at  maturity  ruptures  the  sporan- 
gium transversely  on  the  inner  side,  discharging  the  spores.  Fruit- 
dots  often  covered,  at  least  when  young,  by  a  membrane  called  the 
involucre,  o^more  properly  the  indusium. 

964.  Snbordi  Hymenophyllf  St  Sporangia  borne  on  a  vein  extended 
beyond  the  margin  of  the  frond  into  a  setiform  receptacle,  sessile,  and 
surrounded  by  a  horizontal  complete  ring ;  otherwise  as  in  the  last 
—  Ux.  Hymenophyllum,  Trichomanes.  Ferns  of  very  delicate 
texture,  chiefly  tropical. 

965.  Sabordf  OsmandineSt  Sporangia  variously  collected,  cellular- 
reticulated,  destitute  of  any  ring  (as  in  Osmunda  or  Flowering 
Feni),  or  with  an  imperfect  trans- 
veisc  ring  around  the  top  (as  in 
Schiza^a,  Fig.  1293),  opening 
lengthwise  by  a  regular  slit. 

966.  Sabord.  Ophioglosses.  Spo- 
rangia spiked,  closely  sessile,  naked, 
coriaceous  and  opaque,  not  reticu- 
lated, destitute  of  a  ring,  opening 
by  a  transverse  slit  into  two  valves, 
discharging  the  very  copious  spores 
which  appear  like  floury  dust. 
Fronds  straight,  never  rolled  up  (or 
circinate)  in  the  bud ! 

967.  Ord. Lycopodiaces  (Cluh-Moss 

Family).  Plants  with  creeping  or 
erect  leafy  stems,  mostly  branching ; 
the  crowded  leaves  lanceolate  or 
subulate,  one-nen-ed.  Sporangia 
single  and  sessile  in  the  axils  of 
the  leaves,  sometimes  all  crowded 
at  the  summit  under  leaves  which  are  changed  into  bracts  and  form 


FIO.  1296.  Lycopodinm  CaroUnUnom,  of  the  iiataral  size.  1296.  A  leaf  fh>in  the  rpike  of 
fimctificatioD,  with  the  spore-caw  in  its  axil,  and  spores  falling  out.  1297.  A  group  of  four 
larger  rporcs  (oHphoridia)  of  SeLiginella,  magnified.  1298.  The  same,  separated.  1299.  A  burst 
•pore-«aae  of  SelagtoeUa  apos,  with  ita  four  large  spores. 
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a  kind  of  ament,  one-cellod,  or  rarely  two-  lo  thi-ee-celled,  dphi 
*  conlaitiiiig  either  minute  grains,  appearing  likt  flue  iiowder,  or  a  fi 
ratlier  large  sjKimles  ;  both  kinda  oflcn  found  in  the  some  plant.-^ 
Ex.  Lypopodium  (Club-Moss,  Ground  Pine),  Selnginella. — A])p«id- 
ed  to  Ihia  family,  ratlier  than  to  the  next  (with  which  it  has  gener- 
ally been  associate<I),  it  the 

9C8.  Subord.  Iwelineie  ( QuiSworl  Family),  consLsUng  of  a  f    ~ 
ncaulcscent  subniei'sud  aquntics,  with  llieir  epoi'augia'*in  the  a 
and  immersed  iu  the  influied  base  of  the  gras.4y  subulate  leave$.-J 
Ex.  Isoctcs. 

9G9.  Ord.  nydroptBridei.  Aquatic  or  marshy  eryptoganious  pluofl 
of  diverse  habit,  with  the  fruct ideation  borne  at  the  bases  of  U 
leaves,  or  on  submerged  branches :  this  coiisista  of  two  sorts  ( 
gana,  eontaicied  in  indehtscent  or  irregularly  bursting  invoi 
(spomcarpi).     It  comprises  tlie 

970.  Sobord.  ManilBCeiC  [Pejtperwort  Fnmilg) ;  with  creeping  siei 
tlie  leaves  long-stalked,  circinme  in  vernation,  and  of  four  obcord 
leaflets  in  Marstlea,  or  filiforiu  and  deslituie  of  leaJleU  ii 
(the  PiUwoi-t). 

971.  Suhord.  Salvinieff ;  which  are  free  floating  plants,  with  alter' 
nate  and  sometimes  imbrieateil  sessile  leaves  ;  the  fructificatioa 
borne  on  the  stem  or  bninebes  underneath.  —  Ej:.  Salvinia,  I 
(For  illustrations,  see  Manual  of  Botany,  Plate  II.) 


Class  IV.     Anopitttes 


I 


Vegetables    composed    of  parenchyma  alone, 
growth,  usually  with  distinct  foliage,  sometimes  the  steni  and  foliftgn 
confluent  into  a  frond. 

072.  Ord,  Mnicl  (Mosses).    Low,  tufted  plants,  always  with  a, 
and  dislini^t  (sessile)  leaves,  producing  spore-cases  which 
open  by  a  terminal  lid,  and  contain  innumerable  simple  spores, 
fertilizing  organs,  or  antheridia,  have  been  elsewhere  mcntiomd. 
Moss^  these  accompany  the  pistillidin;  the  Jailer  develop  into 
capsulf,  or  more  properly  the  sporangium  or  sporo-ca^. 
rarely  (in  Andrrea)  dehiscent  into  four  valves,  or  irregularly 
tured  (in  Phaseura,  &c.).     It  usually  opens  by  n  lid  ((permit 
benculh  the  lid  and  arising  €rom  Hie  mouth  of  the  capsule 
monly  either  one  or  two  rows  of  rigid  processes  (collectively  tlwj 


J 

1  foliftgD 

m 

into  j^^l 

riy  ni|)^^" 
rtilum) : 
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perittomt),  which  are  always  some  mullipie  of  four :  those  of  the 
outer  row  are  called  teeth,  of  the  inner,  cilia.  The  Bporea  which  fill 
the  cavity  commonly  appear  like  an  impalpable  greenish  powder. 
Tlie  pedicel  conlinucd  through  the  capsule  forms  the  columella :  en- 
laiged  tmdcr  the  capsule  it  sometimes  forms  an  apophyiit.     The 


eaiyptra  separating  early  at  ila  base  is  carried  up  on  the  apex  of  ihe 
capsule  ;  if  it  pplils  on  one  side,  it  is  hood-shaped  or  cucuUiform,  if 
not,  it  is  milre^haped  or  milriform.  The  particular  slructure  of  all 
our  genera  of  Mosses,  and  of  the  following  order,  is  illustrated  in 
the  plates  of  Ihe  Manual  of  the  Botany  of  the  Northern  United 
Stalei ;  to  which  the  student  is  rcfcirwl  for  dclaib. 

973.  Ord.  flepallCEC  (Liverwortt).  Frondosc  or  Moss-like  plants, 
of  a  loose  cellular  texture,  usually  procumbent  and  emitting  rootlets 
from  beneath  ;  the  cnlj-plni  not  separating  from  the  base,  but  usually 
rupturing  at  the  apex ;  the  sporangium  or  capsule  not  o^Kining  by  a 


Fia.  13X>.  MnlDm  nu>|i<diCaii 
Hvnllcd  ipon-cue,  rnm  wbkb 
foiMtoatt.    1304,  A  portion  of  lb 


1301.  Tb«  HiTPtn  d> 


13(0. 


ilof  or  ring  ooder  itu  lid,  man  iD>pilfl«L  13U5.  A 
«,  hlfhij  ducdIBrL  UOS.  Tb<  khoIM  flo.rn  la  i 
jD<uicitato,njiiiliIlii(of  IbsplMllUdli  ?,«>il  IbiutbcrlJIi  tf,  with  jotnc  ctllnUr  jolnUd 
tbiwdl lolmniHil ;  thtlonJucnl  !•■««  tal«ii»j.  130T,  Om  of  thii»ntherWl»inoromignl- 
1*1  (iriUi  Km*  uxoiDpiuiylnecdlDlar  UiTwII),  Dpfoing  It  Ihe  ipoi,  ud  diwlurglac  [h«  ran- 
toDtK    1308.  Slaip1ep«rl](onieorSplubnam;  the  (fcili  unlUil  In  pdn.    1309.  Uoublo  ptrir^ 

1311.  lu  alyptm.  dFtirbnl  from,  1312,  Ui*  (bM*.    1313.  Tbs  lid  mnond&iim  lb*  «dfln. 
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lid,  containing  spores  usually  mixej  with  elaters  (wUich  are  t 
tlkreud-like  cells,  containing  one  or  two  spiml  fibres,  uncoiling  d 
tically  Bt  maturiij-).  Vegetation  eometiinca  frondote,  i.  ^. 
and  leaves  confluent  into  an  expanded  leaf-like  nia.'>3 ;  e 
foliaccoas,  wLen  tlie  leaves  are  distinct  from  the  gtem,  sj  in  true 
Mosses:  the  leaves  arc  entire  or  clet^,  Iwo-rauked, and  often  wiili  an 
imperfect  or  rudimentary  row  {aviphiga»lria)  on  tlie  nnder  side  of  llie 
stem.  Tlie  matui'ed  pistilliJium  forms  tlie  eporangium  or  cnpsnle, 
which  ia  either  sessile  or  home  on  a  long  cellular  pedicel,  and  de- 
hiscent by  irregular  openings,  by  teeth  at  its  apex,  or  lengthwise  by 
two  or  four  valves.  The  perian/h  is  a  tubular  organ  enclosing 
the  calt/plra,  which  directly  includes  the  pistillidium.  Siurounding 
the  perimilh  ore  invi^ucral  leaves  of  porticuhir  forms.  The  t 
theridia  in  the  foUaccous  sjiedes  are  situntul  in  llic  axils  of  p 
gonial  leaves. 

974.  Snbord.  BittiBCeu  consists  of  a  few  chiefly  flouting  plants,  n 
ing  from  beneath,  with  their  fructification  immersed  in  the  frond,  tj 
sporangium  bursting  irregulaidy.     Ko  involocre  nor  elatcrs.- 
Riccia. 


97.5.  Snbord.  AnlbotcroUn!.  Teneslrial  frondose  annuals,  -v 
fruit  protruded  from  the  upper  surfjice  of  the  frond.  Perianth  n 
Sporangium  pod-like,  one-  or  two-valved,  with  a  freo  central  c 
mella.     Elaters  none  or  imjicrfect. 

97l!.  SnllDrd.  HBTChanliates  {Tme  lAveriBorlg).     Frondose  and  IJ 
restrial  jtercnniiils,  growing  in  wet  plai'es,  with  the  fertile  r 
raised  on  a  peduncle,  capitate  or  radiate,  bearing  pendent  cnlrt 


FIO.  iai4,]8IE.    IUkI*  hi 


,    131 S,  UtgidBcd  M 


Efbta  urKj.  1.117.  Ilncslllisl  nrtisd  hcUod  oT  one  c 
jota.  1310.  9jK)iiuig1um  lorn  «wij  tiva  tha  b*K,  di 
Ml  uul  lepintcd. 
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sporangia  from  ihe  under  side :  Iheso  open  variously,  but  ore  not 
four-valvcd.     Elaters  witli  two  spiral  fibres. 


977.  Sabord.  JnogcnBUaltUtie.  Frondusc  or  moMly  folinccous 
plants ;  with  the  sporangium  dehiscent  into  four  vulves,  und  the 
spores  mixed  with  elaters. 


Class  V.    TcALLOniTTES. 


Vegetables  composed  of  parenchTma  alone,  formin;;  a  ma^s  or 
stratum  (tkaUut,  109,  727),  op  conrtisiing  of  a  eongi-ries  of  (i-ll*,  or 
even  of  separate  cells,  never  exhibiting  a,  marked  distinction  into 
root,  stem,  and  foliage,  or  into  axis  and  leaves. 

978.  Ord.  UtbCBBt  {Lichent)  form  the  higlicst  grade  of  this  lower 
series.  Tliey  consist  of  flat  expan'ioai,  whieh  arc  nithi:r  cni^laeeouji 
than  foliaccous  ;  while  some  are  nearly  pulverulent.  In  sf:veral  the 
vegetation  risers  into  a  kind  of  axis,  or  imitates  stems  and  bninches;  as 
in  Ihe  Cbdonia  eoccinco,  which  alKxmds  on  old  logs  (Fig-  l"i'n)  ;  vr 
in  Cladonia  rangiferina,  the  lEeiiHlfer  Mo^s ;  aL-o  in  I'l'm-a,  wliere 
it  forms  long,  gray  tufts,  lian;!ing  from  the  bough*  (^old  trtrci  in  our 
Northern  fon^ts.  Lichens  an:  neier  a<|iiati<-, but  grow  on  tlit;  grfwrnJ, 
on  Ihe  bark  of  lr*«s,  or  on  ex(irf-':*l  njrt*,  to  wlik-h  the  pr^jfurr  nuk- 
Lichens  adhere  by  their  lower  btirfa*^,  with  gn^at  lena/niy,  wbil':  by 
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llio  iippor  ihey  draw  Ihcir  notirishment  directly  from  the  air.  The 
fnirtifi<-aiiinii  is  in  rnpn,  or  thifldt  (apothecia),  resting  on  the  fiuba 
of  llie  ilinllus,  or  more  or  less  immersed  in  its  sul^tance,  or  ebe  in 
pulv<'mlt>nt  fipois  i'callprcd  over  the  surface.  A  magnified  secttra 
tliroii;:h  nn  apotherium  (Pig.  13*24)  brings  to  view  a  Blratum  of 
elon^iled  SACS  (ikci),  wit}i  filaments  intermixed,  as  seeo  detached 
nnd  hj<j:lily  magnified  nt  Fig.  1325.  I-lacli  aseiig,  or  eac,  contaiiu  t 
few  diMres :  these  di^'ide  into  two,  which,  however,  generallj  remain 


or  a  dc-prijition  of  the  Lichens  of  this  eonnin-,  ihe 
liind  10  rrorf"or  Tiu-k.-rmiiii's  .%'"!/'«'»  '•/'>"  ^■<- 
cApbm  of  Xew  KiKjhuiil,  ihf  oflier  Xorl/ierit  Stulet,  ^r.  ami  U>  lii' 
Liehenei  Amer.  ,^j>l.  J-Jxsiccati,  illmlrnting  them  by  imnicd  si>oii- 


.1,  &c  ,  &=.     l.Ti3. 
'tlirrliim.    13£i.  ^ 


,    13^1.  Pladoniieocdiu*,  beulDg 


J  rraclUtnliun  In  roumUa  n 
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979.  Ord.  Fongi  (MushroomSj  Moulds,  Sfc.)  are  parasitic  (150,  153) 
flowerless  plants,  cither  in  a  strict  sense,  an  living  u]X)n  and  draw- 
ing their  nourishment  from  living,  though  more  commonly  languish- 
ing, plants  and  animals,  or  else  as  appropriating  the  organized  mat- 
ter of  dead  and  decaying  animal  and  vegetable  bodies.     Hence  they 
fulfil  an  office  in  the  economy  of  creation  analogous  to  that  of  the 
infiisory  animalcules.     Those   Fungi  which  produce   Rust,   Smut, 
Hildew,  &c.  are  of  the  first  kind  ;  those  which  produce  Dry-rot,  &c. 
hold  a  somewhat  intermediate  place ;  and  Mushrooms,  Puff-balls, 
&c.  are  examples  of  the  second.     Fungi  are  consequently  not  only 
destitute  of  anything  like  foliage,  but  also  of  the  green  matter,  or 
chlorophyll,  which  appears  to  play  an  essential  part  in  vegetable 
assimilation.     A  full  account  of  the  diversified  modifications  of  struc- 
ture that  Fungi  display,  and  of  the   remarkable   points  in  their 
economy,  would  require  a  large  volume.     We  will  notice  three  sorts 
only,  which  may  represent  the  highest,  and  nearly  the  lo>vest,  foi-ms 
of  this  vast  order  or  class  of  plants.     They  all  begin  (in  germina- 
tion or  by  offsets)  with  the  production  of  copious  filamentous  thi-eads, 
or  series  of  attenuated  cells,  appearing  like  the  roots  of  the  fungus 
that  arises  from  them  (Fig.  1328,  1330),  and  to  a  certain  extent 
performing  the  functions  of  roots :  this  is  called  the  mi/celium,  and 
is  the  true  vegetation  of  Fungi.     The   subsequent  developments 
properly  belong  to  the  fructification,  or  are  analogous  to  tubers, 
rhizomas,  &c.     In  one  part  of  the  order,  the  masses  that  arise,  of 
various  definite  shapes,  and  often  attaining  a  large  size,  contain  in 
their  interior  a  multitude  of  asci  (Fig.  1329),  enclosing  simj^le  or 
double  sporules,  just  as  in  Lichens.     The  esculent  Morel  has  this 
kind  of  fructification  ;  as  well  as  the  less  conspicuous  Spha»ria  (Fig. 
1328),  which  is  in  other  respects  of  a  lower  grade.     The  Agarics, 
like  the  Edible  Mushroom  (Fig.  1330),  produce  their  spores  in  a 
different  way.     Rounded  tubercles  appear  on  the  mycelium ;  some 
of  these  rapidly  enlarge,  burst  an  outer  covering  which  is  lefl  at  the 
base  (the  volva,  or  wrapper),  and  protrude  a  thick  stalk  (stipes), 
bearing  at  its  sununit  a  rounded  body  that  soon  expands  into  the 
pileus,  or  cap.     Tlie  lameilce,  or  ffills  {kymeniiim),  that  occupy  its 
lower  surface,  consist  of  parallel  plates  (Fig.  1331),  which  bear 
naked  sporules  over  their  whole  surface.     A  careful  inspection  with 
the  microscope  shows  that  these  sporules  are  grouped  in  fours  ;  and 
a  view  of  a  section  of  one  of  the  gills  shows  their  true  origin  (Fig. 
1332).     Certain  of  the  cells  (hasidia),  one  of  which  is  shown  more 
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magnified  at  Fig.  1333,  produce  four  einull  cells  at  their  free  soin- 
mit,  ap[tarentlj'  bj  gemmation  and  constrictitHi :  these  are  the  spores. 
It  is  maintained  tliat  the  larger  intermingled  cells,  (of  which  one  ii 
shoivn  at  Pig.  1332,  a.)  filled  with  an  attenuated  form  of  matter,  are 
the  analogues  of  antfaeridio.  The  lovest  Fungi  produce  from  their 
mycelium  only  eimple  or  branching  Ecries  of  cells  (Fig.  92-94). 
The  mycelium  itself  cither  ramifiea  through  decaying  organized 
amiicr,  as  the  Moulds,  &c ;  or  else — like  the  Blight  and  Rust  ia 
grain,  and  the  Afuicardiae  eo  destructive  to  eilkwormf,  and  otbera 


so  doslructivo  lo  the  Grape,  Ihc  Polalo,&c. — it  attacks  and  pprcadi 
throuf;!ioiii  living  tissues,  often  producing  great  liavoc  l«forc  its 
frucliticiilion  is  mvoalcd  at  tlic  surface.  Sometimes  the  last  cells  of 
the  stnlks  swell  into  a  vesicle,  in  which  the  minute  sporules  are 
formed ;  as  in  Fig,  02.  Someiinics  the  branching  sl.ilks  bear  single 
sporulcs,  like  a  bunch  of  gruiHis  (Fig.  04),  or  long  scries  of  cells,  or 
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qxtmlcs,  in  row.«,  like  t)m  beads  of  n  nccilace  (Fig,  93),  which, 
eeparaiinir,  Ix'comc  Ihc  nidimenis  of  new  plinils. 

980.  On!,  tigs  {Sfmeecifs).  T)iis  vaal  order  ixinsisls  of  Miuntic 
plants,  for  the  inost  part  etricily  bo,  but  somo  grow  in  humid  ter- 
nstrial  fiituatiotis.  The  highest  foniis  are  the  proper  Seuwceds 
(  Wnicl,  Tang,  Diihr,  Tallin,  &c)  ;  "  some  of  which  have  slcma  ex- 
ceeding in  length  (aJtIimigh  not  in  diamcier)  (lie  trunks  of  the  tallvst 
ferettt-trces,  wliile  others  liave  leaves  {frondg)  wliicU  rival  in  expan- 
sion tliose  of  the  Palm."  "Oiliers  again  are  to  minule  as  to  he 
wholly  invisible,  except  in  masses,  to  the  nsk<-d  eye,  and  rei|uir(!  the 
lu^iest  powers  of  our  microscoj>cs  to  nivertnin  their  form  and  elnic- 
ture."  Some  liavo  the  dietinetion  of  stems  and  fronds ;  others  show 
■implo  or  bi'nncliing  Kilid  etema  only  ;  and  others  flat  folJaecous  ex- 
pansions alone  (Fig.  95),  either  green,  olive,  or  ro^e-red  in  hue. 
From  lliese  we  descend  by  Buecewive  gradations  to  simple  or 
bmuehing  series  of  cells  placed  end  to  end,  such  as  tlie  green  Con- 
fervas of  our  pools,  and  many  miirine  forms :  wo  meet  with  congeries 
of  cuch  cells  cnptblo  of  spontaneous  disarticulation,  each  joint  of 
which  becomes  a  new  plant,  so  that  the  orpins  of  vegelntion  and  of 
^dlficfition  become  nt  length  perfectly'  identical,  boll)  re(lucc4  to 
mere  cells :  and  finally,  as  the  Inst  and  lowest  term  of  pas»ihlc  vege- 
tation, we  have  the  plant  reduced  lo  a  single  cell,  giving  rise  lo  new 
ones  in  its  interior,  each  of  whicJi  becomes  an  iiide|>endent  plant 
(Fig.  79-83,  18-22).  Our  Alga;  should  be  studied  liy  the  aid  of 
tho  admirable  Ntrtit  Jhrenli-Amrrirana,  or  Hi'ttory  of  t/ie  Marine 
Alga  of  North  Amrriea,  by  Professor  llnn-ey,  published  by  the 
Bmilhsoninn  Institution.  For  the  fresli-wnler  species  we  Imvo  no 
American  work.  The  muiu  divisions  of  Algni  arc  into  llic  following 
Euborders. 

981.  Subonl.  MrlaaOKpenneir,  or  Furatete,  the  Olire-green  SeatMedt; 
having  durk-colort'd  sjiorcs  aiid  generally  an  oli\'e-greeii  color,  stieh 
Bs  the  common  Itockwecd,  Gulfweed,  &c.  The  fertilixatiui  of  tlteso 
tporra  ha."  alreu<ly  been  described  {C61). 

982.  Subord.  BIudlMpcniieC,  or  FloridtC,  rho  Soie-nd  Seair^frlt,  so 
Cidlod  from  their  prevailing  color.  These,  (he  most  bcniitiful  of 
Algw  (including  tho  Dulse,  I^ver,  &e.)  have  two  kinds  of  Kjiorcs ; 
one  large,  simple,  and  superficial ;  tlio  others  dispersed  through  the 
interior  of  the  frond,  and  formed  finir  together  in  n  mother  itII. 

983.  Subord.  Chlonisprnnrs,  the  Jirigk-grtm  Ahja,  the  simres  and 
Ihc  vegetiilion  of  which  are  gcnendly  of  n  lively  green  hue,  arc  more 
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simple  in  structure,  and  include  the  fresh-waler  kinds  generaUy,  g 
well  ns  numerous  marine  species  ;  aniong  them  tliosc  of  gingki  row«  of 
cells,  or  of  single  cells  (100-105,  C5G-6G0).  Some  of  these  fruc- 
tify by  conjugntion  (G^5-G57),  ns  ia  the  case  in  those  situplifinl 
forma  whicji  compose  the 

!>84.  Subord.  BesmidiHtClE,  which  ore  mieposcopic  and infu.eorv  green 
AlgiG  of  single  cells  (Fig.  100,  Go5),  odcn  of  erystal-likc  forms,  in- 
vested with  mucus,  and  belonging  to  fresh  water.  They  vtidtipfy 
largely  by  division,  but  iiTKi\y propagate  only  by  conjugation.  Many 
of  Ihem  have  long  been  claimed  for  llic  animal  kingdom;  or  < 
teemed  of  ambiguous  nature,   on  account  of  the   free   : 

they  exhibit ;  but  thU  afforils  no  real  disll 
tioii.  (Chap.  XII.,  XIU.)    More  ambigi 
slill,  and  on  the  lowest  confines  of  the  vege 
ble  kingdom,  are  those  minute  vegclablc^l 
ihey  doubtless  arc,  which  constitute  (he 

965.   Sabord.  Dialomaces.     Tlie^ie  < 

from  the  la^t  diiefly  in  the  brown  instead^ 
green  color  of  their  contents,  in 
and  durable  nature  of  their  cell-wall,  and  in 
being  natives  of  salt  instead  of  fresli  water. 
Their  movements,  as  they  break  i 
their  connections,  ai'e  Blill  more  vivid  I 
varied.  Some  are  Hxed ;  others  a 
Some  are  extremely  minute :  others  I 
clusters  of  cells  of  considerable  size.  All 
require  a  compound  microscope  for  their 
study,  and  a  full  ti-ealise  is  needed  to  do  tli 
justice. 

98C.  Ord.    Chnraittt.     The  Chara  J 
coni^ists  of  a  few  nijualie  phints,  which  1 
"^  '"'         all  the  simplicity  of  the  lower  Algs  in  their 

vegetation,  being  composed  of  simple  tubular  cells  placed  end  t4 
end,  and  oflen  willi  u  set  of  t^maller  tubee  applied  to  the  surface  j) 
the  main  one  (Fig.  1335,  1336).     Hence  they  have  been  ph| 
among  Algns.     But  their  truclificalion  is  of  a  higher  order.     It  fl 
sists  of  two  kinds  of  bodies  (both  shown  in  Fig.  1335),  of  « 
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the  smaller  (and  lower)  contains  antheridia  of  curious  structure, 
provided  with  slender  and  active  spennatozoids,  while  the  upper 
and  larger  is  a  sporocarp,  foioned  of  a  budding  cluster  of  leaves 
wrapped  around  a  nucleus,  which  is  a  spore  or  sporangium.  The 
order  might  perhaps  have  been  intix)duced  between  the  Equise- 
taceas  (to  which  the  verticillate  branches  show  some  analogy)  and  the 
Hydropterides ;  but  its  true  position  is  hard  to  deteimine. 


/ 
CHAPTER    IV. 

OP  THE  ARTIFICIAL   SYSTEM    OP    LINN^US. 

987.  TiiE  difference  in  principle  between  an  artificial  and  a  natu- 
ral system  of  classification  has  already  been  indicated  (715).  No 
one  better  understood  this  than  Linnseus,  when,  finding  it  impossible 
in  his  day  to  make  a  natural  classifichtion  available  for  ordinary  use, 
he  proposed,  as  a  temporary  substitute,  the  elegant  artificial  scheme 
which  bears  his  name.  As  this  system  is  identified  with  the  history 
of  the  science,  which  in  its  tima  it  so  greatly  promoted,  and  as  most 
systematic  works  have  until  recently  been  arranged  upon  its  plan,  it 
is  still  necessary  for  the  student  to  understand  it.  Its  principles  are 
so  simple,  tliat  a  brief  space  will  amply  sufiicc  for  its  explanation. 

988.  It  must  be  kept  in  mind,  that  an  artificial  scheme  does  not 
attempt  to  fulfil  all  the  conditions  of  natural-history  classification. 
Its  principal  object  is  to  furnish  an  easy  mode  of  ascertaining  the 
names  of  plants ;  their  relationships  being  only  so  far  expressed  as 
the  plan  of  the  scheme  admits.  All  higher  considerations  arc  of 
course  sacrificed  to  facility.  In  the  Linna*an  classification,  the 
species  of  a  genus  are  always  kept  together,  whether  or  not  they  all 
accord  with  the  class  or  order  under  which  they  are  placed.  Its 
lower  divisions,  therefore,  namely,  the  genera  and  species,  are  the 
same  as  in  a  natural  system.  But  the  genera  are  arranged  in  arti- 
ficial classes  and  orders,  founded  on  some  single  technical  character, 
and  have  no  necessary  agreement  in  any  other  resi)ect ;  just  as 
words  are  alphabetically  arranged  in  a  dictionary,  for  the  sake  of 
convenience,  although  those  which  stand  next  each  other  have,  it 
may  be,  nothing  in  common  beyond  the  initial  letter. 
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089.  Tlie  clnsscs  niid  orilera  Liniiieua  founded  entirely  npcm  t 
number,  Riinalion.  and  connci'tion  of  tlio  stamens  and  pistils ;  I 
office  and  im]iorlant.'e  of  wliich  he  had  just  set  in  a  clear  light. 

900.  The  classes,  tweiity-four   in  imniber,  were  ibunded  i 
mod ifit'H lions  of  llio  Bfamene,  and  have  names  of  Greek  deri^-a< 
expressive  of  their  character.     The  first  eli'ven  comprise  a 
with  pel^■cct  flowers,  and  with  a  definite  number  of  equal  and  q 
connected  slamens.    They  are  distinguished  hy  the  absolute  n 
of  these  organs,  mid  are  designated  by  names  comgiounded  of  Gra 
numerals  and  the  word  andna  (from  aviip),  wliich  is  used  i 
phorienlly  for  stiunen,  aa  follows  i  — 

Class  1.  MosANDi 


.  includes  all  such  i>lBnt3  with  one  stamca 
the  flower  i  as  in  Hippuris. 

2.  DiANDRiA,  those  with  two  stamens,  i 

3,  Triandria,  with  three  stamens,  as  i: 
A.  Tktkandria,  with  four  stamens,  as  i 
b.  Fkktandria,  with  five  stamens,  the 
G.  IIexa>'dria,  with  six 


J  in  the  Lilae. 

1  the  Valerian,  &«.  | 

n  the  Scabious. 

most  &'e<]uent  c. 

the  Lily  Family,  ■ 
7.  IIeptandkia,  with  seven  stamens  as  in  Hoi^echcstnnt.  J 
6.  OcTAXDRiA,  with  eight  stamens,  aa  In  Evening  Pr!mrosC|J| 
9.  F.NXEANDRiA,  with  nine  stameas,  as  in  the  Hhuharb. 

10.  Decandbia,  with  ten  Blamens.  as  in  Bhodotk-iidron. 

11.  DoDECANDRiA,  whh  twelve  stamens,  as  in  Asatnm  t 

the  Mignonette ;  extended  also  to  include  tluue  ^ 
from  tliirteen  to  nineteen  stamens. 
901.  The  two  succeeding  classes  include  plants  with  perfect  ii 
ers,  having  twenty  or  more  unconnected  stamens,  which,  in 

12.  IcoaASDRiA,  are  iniicrled  on  the  calyx  (perigynons,  44l 

BS  in  the  Rose  Family  ;  and  in 

13.  PoLYANDRiA,  ou  the  receptacle  (hypogynous,  466),  a 

the  Buttercup,  Anemone,  &c. 
992.  Their  essential  characlers  are  not  indicated  by  their  nac 
the  former  merely  denoting  lliat  the  stamens  are  twenty  in  numbw^ 
the  latter,  lliat  they  are  numerous.  —  Tlie  two  following  dejiend  upon 
the  relative  length  of  the  stamens,  namely, 

14.  DinrNAMiA,  including  those  with  two  long  and  two  short 

stmnens  (Fig.  407)  ;  and 

15.  Tetrauitjamta,  those  willi  four  long  and  two  short  s(»- 

mens,  as  in  Cruciferous  flowers  (Fig.  406). 
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993.  Their  names  are  Greek  derivatives,  signifying  in  the  former 
that  two  stamens,  and  in  the  latter  that  four  stamens,  are  most  pow- 
erful. —  The  four  succeeding  are  founded  on  the  connection  of  the 
stamens: — 

16.  MoNADELPHiA   (meaning  a  single  fraternity),  with  the 

fikunents  united  in  a  single  set,  tube,  or  colunm,  as  in 
all  the  Mallow  Family,  &c. 

17.  DiADELPHiA  (two  fratemitics),  with  the  filaments  united 

in  two  sets  or  parcels. 

18.  PoLTADELPniA  (many  fraternities),  with   the  filaments 

united  in  more  -than  two  sets  or  parcels. 

19.  Syngenesia  (from  Greek  words  signifying  to  grow  to- 

gether), with  the  anthers  united  in  a  ring  or  tube,  as  in 
all  Composito)  (844). 

994.  The  next  class,  as  its  name  Denotes,  is  founded  on  the  union 
of  the  stamens  to  the  style : — 

20.  Gtnaxdria,  with  the  stamens  and  styles  consolidated,  as 

in  the  Orchis  Family  (Fig.  4C8). 

995.  In  the  tliree  following  classes,  the  stamens  and  pbtils  are 
found  in  separate  blossoms :  — 

21.  MoN(ECiA  (one  household)  includes  all  plants  where  the 

stamens  and  pistib  are  in  separate  fiowers  on  the  same 
individual ;  as  in  the  Oak,  &c. 

22.  DicECiA  (two  households),  where  they  occupy  separate 

flowers  on  different  individuals  ;  as  in  the  Willow,  Pop- 
lar, Moonseed  (Fig.  413,  414),  &c. 

23.  PoLTGAMiA,  where  the  stamens  and  pistils  are  separate 

in  some  flowers  and  united  in  others,  cither  on  the 
same,  or  two  or  three  different  plants;  as  in  most 
Maples. 

996.  The  only  remaining  class, 

24.  Cryptogamia,  is  inferred  to  have  concealed  stamens  and 

pistils  (as  the  name  imports),  or  the  analogues  of  these 
organs,  and  includes  the  Ferns,  Mosses,  Lichens,  &c., 
which  are  now  commonly  termed  Cryptogamous  or  Flow- 
erlcss  Plants  (651). 

997.  The  characters  of  the  classes  may  be  presented  at  a  single 
view,  as  in  the  subjoined  analysis :  — 
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998.  The  orders,  in  the  first  tliirteen  classes  of  the  Linnssan  ar- 
tificial system,  depend  on  the  number  of  styles,  or  of  the  stigmas 
when  the  styles  are  wanting ;  and  are  named  by  Greek  numerals 
prefixed  to  the  word  gyniaj  used  metaphorically  for  pistil,  as 
follows :  — 

Order  1.  Monogynia  embraces  all  plants  of  any  of  the  first  thir- 
teen classes,  with  one  style  to  each  flower.' 

2.  DiGYNiA  embraces  those  with  two  styles. 

3.  Tkigynia,  those  with  three  styles. 

4.  Tetragynia,  those  with  four  styles. 

5.  Pentagynia,  those  with  ^\q  styles. 

6.  IIexagynia,  those  with  six  styles. 

7.  IIeptagynia,  those  with  seven  styles. 

8.  Octogynia,  those  with  eight  styles. 

9.  Enneagynia,  those  with  nine  styles. 

10.  Decagynia,  those  with  ten  styles. 

11.  DoDECAGYNiA,  tliosc  with  eleven  or  twelve  styles. 

12.  PoLYGYNiA,  those  with  more  than  twelve  styles. 

999.  The  ordera  of  class  14,  Didynamia,  are  only  two ;  namely, 

1.  Gymnospermia,  meaning  seeds  naked,  the  achenia-like 

fruits  having  been  taken  for  naked  seeds. 

2.  Angiospermia,  with  the  seeds  evidently  in  a  seed-vessel 

or  pericarp. 

1000.  The  15th  class,  Tetradynamia,  is  also  divided  into  two  or- 
ders, which  are  distinguished  merely  by  the  form  of  the  pod :  — 

1.  SiLicuLOSA ;  the  fruit  a  silicic  (021),  or  short  pod. 

2.  SiLiQUOSA ;  fmit  a  silique  (620),  or  more  or  less  elon- 

gated pod. 

1001.  The  orders  of  the  16th,  17th,  18th,  20th,  21st,  and  22d 
classes  depend  merely  on  the  number  of  stjuncns ;  that  is,  on  the 
characters  of  the  first  thii-teen  classes,  whose  names  they  likewise 
bear:  thus. 

Order  1.  Monandria,  with  one  stamen  ;  2.  Diandria,  with  two 
stamens ;  and  so  on. 

1002.  The  orders  of  the  19th  class,  Syngenesia,  are  six  ;  namely, 

1.  Polygamia  -«qualts,  where  the  flowers  are  in  heads 
(compound  flower,  394),  and  all  perfect. 
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2.  PoLYOAMiA  SCPEKFLUA,  the  Same  as  the  last,  except  that 
the  rays,  or  marginal  flowers  of  tlie  head,  are  pistillate 
only. 

8.  PoLYGAMiA  FRUSTRANEA,  those  with  the  marginal  flowers 
neutral  (Fig.  324,  325),  the  others  perfect, 

4.  PoLYGAMiA  NECESSARiA,  where  the  marginal  flowers  are 

pistillate  and  fertile,  and  the  central,  staminate  and 
sterile. 

5.  PoLYGAMiA  SEGREGATA,  whcrc  e«ch  flowcr  of  the  head 

has  its  own  proper  involucre. 

6.  MoNOGAMiA,  where  solitary  flowers  (that  i?,  not  united 

into  a  head)  have  united  anthers,  as  in  Lobelia. 

1003.  The  23d  class,  Polygamia,  has  three  orders,  founded  on  the 
cliai*actei*s  of  the  two  preceding  classes ;  namely, 

1.  MoNOECiA,  where  both  separated  and  perfect  flowers  are 

founded  in  the  same  individuaL 

2.  DicECiA,  where  they  occupy  different  individuals. 

8.  Tricecia,  where  one  individual  bears  the  perfect,  another 
the  staminate,  and  a  third  the  pistillate  flowers. 

1004.  The  orders  of  the  24th  class,  Cryptogamia,  are  natural  or- 
ders, and  therefore  not  deflnable  by  a  single  character.     They  are, 

1.  FiLiCES,  the  Ferns. 

2.  MuscT,  tlie  Mosses. 

3.  Alg^,  whicli,  as  left  by  Linnoeus,  comprised  the  Hepatica?, 

Lidiens,  &c.,  as  well  as  the  Seaweeds. 

4.  Fungi,  Mushrooms,  &c 
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Of  the  Signs  Ain>  Abretiationb  employed  in  Botanical  Writinob. 

LiNNif:us  adopted  the  following  signs  for  designating  the  duration  of  a 
plant,  viz. :  — 

Q  An  annual  plant 
^  A  biennial  ])lant. 
21  A  iK'rcnnial  herb. 
Ij  A  shrub  or  tree. 

Among  the  signs  recently  introduced,  the  following  liavo  come  into 
general  use :  — 

O  A  monncarpic  (once-flowering)  plant,  whether  annual  or  bienniaL 

(D  An  annual  plant. 

(3)  A  biennial  plant 

JJf  A  iKiivnnial  herb. 

>j  A  ])lant  with  a  woody  stem. 

^  A  staminatc  flower,  or  plant 

9  A  pistillate  flower,  or  plant. 

5  A  jKirft'et  flower,  or  a  plant  bearing  perfect  flowers. 

1  TIic  exclamation  |)oint  is  employed  as  the  ^founterpart^f  the  note  of 
interrogation.  When  it  follows  the  name  of  an  author  ap|H'nded  to 
the  name  of  a  plant,  it  imports  that  an  authentic  spe<.'imen  of  the 
plant  in  question,  under  this  name,  has  Wen  examiniMl  by  the  writer: 
when  it  is  api>cnded  to  a  Icx'ality,  it  signifies  tliat  the  writer  has  seen  or 
collected  siMH'imens  of  the  ])lant  from  tliat  locality,  &e. 

?  The  note  of  interrogation  is  employed  to  denote  doubt  or  uncertain- 
ty ;  and  is  aHixed  either  to  a  generic  or  siKH'ific  name,  or  to  that  of  an 
author  or  locality  cited. 

♦  As  iLstnl  by  I)e  Candolle,  indicates  that  a  goo«l  dest'ription  is  found  at 
the  reference  to  which  it  is  appended.     It  is  not  in  coimnon  use. 

44 
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Those  abbreviations  of  the  names  of  organs  which  are  commonlj-  cm- 
ployed,  such  as  Ccd,  for  calyx,  Cor,  for  corolla,  Fl.  for  flower,  JFV.  for 
fruit.  Gen,  for  genus,  Hah,  for  habitat,  Herb,  for  herbarium,  Hort.  for 
garden,  Mus,  for  Museum,  Ord,  for  order.  Rod.  (Radix)  for  root,  Syn.  fiw 
synonymy,  Sp.  or  Spec,  for  species,  Var,  for  variet}',  &c.,  scarcely  require 
explanation. 

y.  sp.  denotes,  in  general  terms,  that  the  writer  has  seen  the  plant  mider 

consideration. 
y.  s.  c.  {Vidi  siccam  cultam),  that  a  dried  specimen  of  a  culdvated  plant 

has  been  examined. 
y.  8.  s.  (I^e/i  siccam  fpontaneam),  that  a  dried  specimen  of  the  wild 

plant  has  been  examined. 
y.  V.  c.  (T^w/i  vivam  cultani),  that  the  living  cultivated  plant  has  been 

under  examination, 
y .  v.  s.  (  Vidi  vivam  spantaneam)^  that  the  wild  plant  has  been  examined 
in  a  living  state. 

The  names  of  authors,  when  of  more  than  one  syllable,  are  commonly 
abridged  by  writing  the  first  syllable,  and  the  first  letter  or  the  first  con- 
sonant of  the  second.  Thus,  Linn,,  or  Z.,  is  the  customary  abbre^iatioQ 
for  Linnaeus;  Juss,  for  Jussieu;  JVilULfor  Willdenow;  Muhl,  for  Muh- 
lenberg; ^^^chx,  for  Michaux;  Hich,  for  Richard;  De  Cand,,  or  DC, 
for  De  CandoUe ;  Hook,  for  Hooker ;  Endl,  for  Endlicher ;  LindL  foe 
Lindlev,  &c. 


Of  Collecting  axd  Preserving  Plants. 

1.  The  l)otani.<^t*3  collection  of  specimens  of  plants,  preserved  by  drying 
under  j)rcssure  between  folds  of  paper,  is  termed  a  Hortus  Sicctis,  or  com- 
monly an  Herbarium. 

2.  A  complete  specimen  consists  of  one  or  more  shoots,  bearing  the 
leaves,  flowers,  and  fruit ;  and,  in  case  of  herbaceous  plants,  a  jiortion  of 
the  root  is  also  desirable. 

8.  Fruits  and  seeds  which  are  too  large  to  accompany  the  dried  speci- 
mens, or  which  would  be  injured  by  compression  with  sections  of  wood, 
&c.,  should  be  separately  preserved  in  cabinets. 

4.  Specimens  for  the  herbarium  should  be  gathered,  if  possible,  in  a  dn- 
day ;  and  carried  either  in  a  close  tin  box,  as  is  the  conamon  practice,  or 
in  a  strong  portfolio,  containing  a  quire  or  moi-e  of  finn  paper,  with  a  few 
loose  sheets  of  blotting-paper  to  receive  delicate  plants.  They  are  to 
be  dried  under  strong  pressure,  (but  without  crushing  the  parts,)  betwtH,'n 
dryers  composed  of  six  to  ten  thicknesses  of  bibulous  paper ;  which  should 
be  changed  daily,  or  even  more  fixjquently,  until  all  the  moisture  is  ex- 
tracted from  the  plants; — a  period  which  varies  in  different  species,  and 
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with  the  scasoiii  from  two  or  three  days  to  a  week.  All  delicate  speci- 
mens should  be  laid  in  folded  sheets  of  thin  and  smooth  bibulous  paper 
(such  as  tea-paper),  and  such  sheets,  filled  with  the  freshly  gathered 
specimens,  are  to  bo  placed  between  the  dr}'crs,  and  so  transferred  entire, 
day  after  day,  into  new  dryers,  without  being  disturbed,  until  perfectly 
dry.  This  presenes  all  delicate  flowers  better  than  the  ordinary  mode  of 
shifting  of  the  papers  which  are  in  immediate  contact  with  the  specimens, 
and  also  saves  much  time  usually  lost  in  transferring  numerous  small 
specimens,  one  by  one,  into  dry  paper,  often  to  the  great  injury  of  the  deli- 
cate corolla,  &c. 

5.  The  diied  specimens,  properly  ticketed  with  the  name,  locality,  &c., 
and  arranged  under  their  respective  genera  and  orders,  are  preserved  in 
the  herbarium,  either  in  separate  double  sheets,  or  with  each  species  at- 
tached by  glue  or  otherwise  to  a  half-sheet  of  strong  white  paper,  with  the 
name  written  on  one  comer.  These  are  collected  in  folios,  or  else  lie  flat 
(as  is  the  best  mode)  in  parcels  of  convenient  size,  received  into  compart- 
ments of  a  cabinet,  with  close  doors,  and  kept  in  a  perfectly  dry  place. 

6.  The  seeds  of  plants  intended  for  cultivation,  which  are  to  be  trans- 
ported to  a  distance  before  being  committed  to  the  earth,  should  first  be 
dried  in  the  sun,  wrapped  in  coarse  pa|)er,  and  preserved  in  a  dry  state. 
They  should  not  be  packed  in  close  boxes,  at  least  so  long  as  there  is  dan- 
ger of  the  retention  of  moisture. 

7.  Roots,  shrubs,  &c.,  designed  for  cultivation,  should  be  taken  from  the 
ground  at  the  close  of  their  annual  vegetation,  or  early  in  the  spring  before 
growth  recommences,  and  packed  in  successive  layers  of  slightly  damp  (but 
not  wet)  Peat-moss  (Sphagnum).  Succulent  plants,  however,  such  as 
Cacti,  may  be  packed  in  dry  sand. 

8.  Plants  in  a  growing  state  can  only  be  safely  trans|X)rted  to  a  consider- 
able distance,  especially  by  sea,  in  the  closely  glaze<l  cases  invented  by  Mr. 
Ward ;  ♦  where  they  are  provided  with  the  requisite  moisture,  while  they 
arc  suflliciendy  exposed  to  the  light. 

♦  On  the  Growth  of  Plants  in  Closely  Glazed  Cases,  by  N.  B.  Ward,  F.  L.  S., 
London,  1842.  — Ed.  2,  1853. 


GLOSSAHY 


OF  ENGLISH  BOTANICAL  TERMS,  EMPLOTED  IN  BOTANICAL 
DESCRITTIONS,   COMBINED   WITH  AN 


Bonds  trittoul  »nj  pnjBl 


A,  privatiTC,  Ri  ths  initinl  in  mnnj 
words  of  Greek  derivation,  BJgnitics 
iho  absence  of  Iho  oiKtin  men- 
tioned ;  us,  opctaJoDS,  dcilitDtD  of 
pelats:  apliyllons,  IcnScsa.  In 
wordH  bepnning  vrith  a  rowel  thi* 

prefix  is  i-hangcil  tn  on  ;  aa,  nnan. 

Ihocu,  noKcrlcas ;  aunlhctuiu,  dci- 

titnio  of  onthdrs. 
Abbnniiitions.    The   rntloTnary  ones 

am  tncntioDcd  on  p.  518. 
Alaraiil  {wandering) :  applinl  to  ap^ 

cica,  genera,  &e.  wliirli  differ  in 

totne  reiipcpt  from  iho  iivual  «r  nor- 

tnal  character  of  llio  group  tlicy 

Alnon'ncc,  480. 

Abnormal :  differing  from  tbe  aarmai  or 


Abari^nal:  strkll;  nitcii'e ;  indigenous. 
Mortioa :  tho  non-fbrmalion  or  impcr- 

ibct  formation  of  an  organ,  Sit. 
Atiorlioi  organi,  !i!i8. 
Atn^!  tenninatini;  suddenly. 
Abri^g  pimale,  163,  lig.  390. 
Ahior"""~  "" 


AcfnNBFCi 


AtantliajJtomii :  Bpine-bc 


JnCfSJury/nutt,  31 S. 
ArxmetM;  incrtuinKinsiieaflorflow- 
eiins,  M  tho  calyx  of  Phy^it. 


Aemie !  grown  togctlnr. 

AaiimlioU :    lying  against,    especkll/ 

edgewise   against   another  body; 

330,  390.  iig.  TOO. 
Ac/)Aaltita;  lieadieM. 
AeaictK,  or  Accrincir,  410. 

ActriKe;  necdlo^h^ied,  like  tlie  IcarM 

ofPincs,  tec. ;  166,  ttg.  SI2,  313. 
AatdbulifiirM  or  oalabitLai:    aaueor- 

AfAtmum  (pi.  ofitaia).  a  onn-aeedad 
■ecd-likc  fruit ;  313,  (Ik- ."^A-^S- 

AcUamgdmu :  daiitote  of  calyx  and 
corolla,  86 1. 

Aeid*.  i6,  19S. 

Arkiiliir:  slender  needle-shaped  or 
brisilc-«hapcd. 

Acifi:  the  edge  oTa  thing. 

Aeill^^/o^m :  »eyinitnr-i>hnpcd,  Uko 
some  bean-pods. 

Aclnrt  ((fci'ni) :  the  separate  grain*  or 
carpels  of  au  aggregate  fle»hy  fruit, 
like  tlie  nwiibcrry,  as  tho  term  u 
now  genGrnJly  uscil ;  clawiirnlly,  tha 
tfri'niu  meant  Om  wbule  bnniii  of 

Aral/ilAlanoia:  dMtiluta  of  cotyledons. 
Aentbri/iiHi :    badding   from   iIhi   apex 

AcrdgtHoat :   growing  from  tho  apex, 

370. 
AcTogens,  Aen^nous  plan 
Acran^Albryous .-    growin}^ 

ends  and  over  the  sumvec 
AaHrtOe :  prickly  ;  beset  with  prlckk* 

(acJa) ;  53. 


L  both 


OLOSSAIIY   AND    I 


Aciiltelafe:  iliminatire  oflhe  lost:  i.e. 
hetct  with  Hiuall  or  (ew  prickles. 

Aciiminate:  ending  in  B,  narrowed  or 
prolonged  Bniltnpcridg  point;  162, 
fig,  sae.  S39. 

Aculargalar :  stiorp-anglcd  ;  as  the 
atemi  of  Scirpus  pungcna. 

Acute:  mcrolj  sburp-pomli'd  ;  ending 
by  nn  nruto  Ktiglc ;  162,  H<;.  SG9. 

Adtlphout  (stamens} :  joined  hj  ihrir 
Glnincntaorclustandiiitoa&olhcr- 
hood  {aMphia). 

Adkeffnt  1  Btirking  la,  or,  rommonlj', 
growing  fast  to,  unoClier  bod^ ,  ssj. 

AdnaU;  grown  fast  Eo,  or  fbrmml  in 
union  with,  another  body,  an  the 
CBljx-tobe  of  tho  UooKbcrr}'  and 
Cranberry  (fig.  391)  to  tho  ovary, 
»51,  B52.  Attaehcd  by  in  whole 
length,  as  tbe  anther  of  I.irioiien- 
dron,  S83,flg.'i70,andorAsaiuiu, 
li^.  479. 

AJboIioii!  tho  union  of  hclcrogeneous 

Adpmted,  or  apprested:  broa^lit  into 
contact  or  nearlv,  but  not  united. 

Adiandeat,  or  anxniing :  rising  gradu- 
ally upwards,  loa. 

Adnirgeiit,oiaaair)ent;  rising  upward* 

AdveRtiliom,  advendve:  found  out  of 
(ho  nalnrul  place. 

AdlxntUioal  buds,  82,  9S. 

A-'ipiilaltrul ;  cquol-sidod;  opposed  to 
oblique. 

Aerial .'  growing  in  the  air. 

Aerial  ronU,  8S. 

Aerophyte ;  aamo  bji  Air-plant. 

jEtlteal;  relating  to  Bummer. 

jEstivalioa  ;  BTrangenient  of  floral  or- 
gaus  in  tlio  bud,  S69. 

Affimls :  true  and  near  ralalionBhip  ; 
i.  e.  ipccies  have  affinity  when  they 
resemble  each  other  in  their  prin- 
cipal iwints  of  structure,  or,  in  other 
words,  are  constmcted  fhronghont 
upon  the  sarae  particular  pmu  or 


tyjw 


Aniuaig  , 
)r  Agiiailc .-  destitute  of  sexc 
'      1-  aggrtqalt:   heaped  c 


crowded  ir.  _.. 

A^jngatefrviu.  317. 

Air-e^li,  air-paaarja,  50. 

Air-ptanls,  S7. 

Aktniamox  akenei  see  neAent'unl. 

Ala  (pi.  aiit) :  a  win;; ;  tlio  tide  petiils 

of  a  ifflirilionoceouj  flower;  253, 

flg.  392,  b. 
Alabdalram  !  a  flower-bud. 
Alar  ;  borne  in  the  forks  of  a  atem. 
Alate;vnni^;  i.  d.  furnished  with  any 

broad  and  thin  ad bcrenl  appendage, 

01  ibo  seeds  of  Trumpet  Creeper. 


Eg.  601,  the  Icnfitnlks  of  ihe  0 
ange.  Hhns  Copallina,  &e, 
the  siem  of  die  rammon  Tldi 

Alhratent :  whiien«l,  or  boary-irhiu.^ 

AMmen,  a  yegetahlc  prcidil«,  I"~ 

Allnimm  of  tho  iced,  76, 3^. 

Albtmiiitaut  (Mcds)  :  fiinushed  i 
albumen,  333. 

AHmnami:  sapn-ood,  136. 

Algas,  509. 

Algolagg:  the  science  relating  to  Alga, 

Afismoces,  487. 

Alkaloids,  ST. 

Alliaaom  :  like  th:  |;ar1ic  or  onion. 

Alliances  :  natural  f^roups  of  nearlj  re- 
lated orders,  374. 

A11spiee,4t8. 

Almond,  415,  41T. 

Alpine :  growing  on  the  IiighcT  matt 
of  the  Alps,  aud  in  gvncml  on 
mountains  aborc  the  limits  of  ticu. 

Aloea,  493. 

Alsinco:,  335. 

Alic'maU  (leaves) :  sitiutcil  one  ofltr 
another,  78,  97,  133.  Petals,  sta- 
mens, &c.  arc  said  lo  alternate  with 
tuljacenl  organs,  when  they  slMd 
over  the  iatcrvaU  between  dwni. 
235. 

Alternation  of  parte,  235. 

Alt^aft;  boiwywnihwii  b»rii  . 
angular  cavities  arparnted  by 
partitions,  as  tlie  recepCMle  cu  I 
ton-Thistle,  fig.  f" 

Amamntaceie,  465. 

Amaryllidaccn:,  491 . 

Ataaii;  a  catkin  ;apciniltarKslr ! 
313,  fig,  31^. 

^fflmfaKoucresemhlingot  bearing  cat- 


1 


-■  tbe  embryi 


irro-flaCi 
AmoFjAaai :  shapeless,  i. 

nile  or  regular  form, 
AiBjihihri/oia :    growing   by   nddil 

over  the  whole  periphery. 

Amphic4trp(Ha,  or  ampliieilrpic :  pi 

,    ing  two  kinds  of  fruit;  ""   ' 

genus  Amphicarpnw,  ao 

this  account. 
Amphigaitria :  the  pecnlior  Mipnt* 

leaves  of  certain  Hepatic*,  J"' 
AmphttropMi,  or  amphtiropal,  o~ 

seed,  300,  lig.  Ms. 
Ampltflant!  embracing. 
Amplfikaid  (leaves,  ftc.) ; 

stem  by  a  brond  base  or  In 
Ampalldeenia ;  shnped  like  on      ^ 

or  flaek-»haped  vessel ;  gwelliugodt 

at  the  base  or  middle. 
AmygddcK,  415. 
Amglartoia:  composed  of  starch  [*«J- 

lum),  or  resembling  starch. 
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.AmTridnco,  407. 

Aiucsnliacra;,  403. 

Analogy;  icseinlilanra  in  ccrtnin  tc- 
BpcrM,  As  distipuuislipd  rrom  a/- 
jffm'fj  it  mesne  irticin  bianco  in  evr- 
taia  ivspccta  an/jr,  not  in  the  wholo 
plan  af  scniclnre.  Thnn  b  Knnnn- 
eulm  i«  uaala/niii  to  n  Potcntitin, 
liDt  then  ii  DO  near  nfflniif  or  rt' 
iMkiiuhip  between  tlie  two.  And 
the  tendril  of  r  Poa,  that  of  h  Smi- 
Iax,andthMorihcGrB|>c-Tine  are 
anakgua.  i.  e.  are  analugout  ortrnns, 
btilarcnol  homnlaiiiei :  tor  tlicfinii 
■n^ven  to  s  leaf,  the  aocond  to 
atipnlen,  nnil  the  third  to  a  itrm, 
•P"  .  „ 
if  the  flvu  R[i 
of  <''.Iuiuliii]a  (He.  646),  but  not 
hom..'t.><;""^  with  it,  for  llie  firat  U 
n  H'piil,  [iiid  ilio  te™nii  a  petal. 

Andnd/ouf:  'Ic^tilulp  of  ntnmens. 

AmlnliewHa :  destitute  of  anthers. 

Atmpllioia :  without  floivcn. 

AlMomotiiH} !  eonne ctvil  by  (tdm 
bmnches  into  a  network,  as  lln' 
wins  of  animals,  and  the  so^rnllcil 
veinaoTrDtlPulaliil  leaves,  49,54. 

JaAnyKBUiOruiufinHKi/,  seeds  or  ovules, 
AM.  %.  5X9. 

Amfyilal:  with  two  edges,  bs  the  stem 
of  BisTrinehiam  anceps. 

AtJrarluBn  tho  stamens  of  a  flovrer. 
Mkcn  as  a  wholo,  !  J3. 

AadrtBg»aiai  boaringboth  stamcnsand 
(H^tils  in  separate  flowers  oF  lliu 

10  InHoresrenro. 

in  of  united  stami'na, 
or  any  support  on  whieh  tlio  iiu- 

AtAom,  in  words  of  Greek  derivation, 
vim  to  tho  stamens  :  see  diwi- 
.     thou,  4r. 

AnJntpom,  335. 

Altfrildaeieoran/ratiuoua!  ftbmpllylieni 
hither  and  lliilhiT,  as  the  stiunfrns 
of  Melon,  S it-  467. 

Anskspormia,  515. 

Anguitpfniioui  (Anglosperms,  Angio- 
ipcrms):  prod  uelug  seeds  in  a  peri* 
eup,  3tl,3T5. 

AfigDituni  bark,  406. 

Angular  divcrgeneo  of  leaves,  139, 

Anu«,  426, 

AuMmevm  (Bower) :  of  nneqiial  num- 
ber in  the  difleicnt  circles ;  unEvm- 
mctrical. 

Ajii$api!flloiii :  nneqnal-lcaml,  as  wlicn 
Ihe  two  leave*  of  tho  lamo  pair  are 
of  ODcqual  site. 

AidioiU'niOHOas ;  when  the  number  of 


the  stamen*  is  dilferent  ft'om  that 
of  the  j)ctaU. 
Annual:  histinj*  not  above  ono  year  or 

Anntiliir:  in  Ilu:  form  of  a  ring. 

AHHular  diKli,  46. 

Aniialate:  ninrkcd  with  riiigs  or  eircu- 

Aanulia:  the  ting  of  tho  iponxnso  of 
true  Ferns,  BOl,  fig.  1»89  ;  that  of 
tho  mouth  of  Ihe  spore^^vse  or  cap- 
sale  of  Mosses,  S03,  Rg.  1304. 

Anonoees,  -IHa. 

AHoiAglti  (top-gro«^nir  plants,  of  the 
same  mcuningns  Acroucna?),  370, 
MS. 

Aniepottlion,  248. 

Aiilrrior!  as  to  position  in  the  flow- 
er, on  llio  fide  next  the  hract,  237. 

Anther:  iho  pollvn-bcimng  partof  aata- 

Anlhtrdlium  (plitml,  aulheridia),  334, 
SOS. 

Anlhrriferovt !  anthpr-bcorilic. 

A'Hllir*i*i  the  time  when  ihi'  tjowcropctw 
and  pcrfoimi  its  fonriions,  or  the 
■tt  of  expansion  in  ■  flower,  171. 

AnthonSryoai  fruits,  318. 

Aiithoccnitea,  501. 

Anthaliiim:  a  technical  lunio  for  the 
capitnlum  or  head  of  Ikin-crs  of  a 
plant  of  the  onier  Compoiitit. 

Anlluilj/tit :  the  rctrogmdc  nictamorpho- 
,      sis  of  a  flower, 

AnltiafJiare!  thcstnlk  or  ioternodc  which 


367,  fig.  433; 

Aatiraa:  anterior,  or  fiidng  forwards. 

.InIAktwis,  or  anlllnmal:  (n^verecd;) 
applied  lo  diccm'iTj'Oiii  means  ouc 
with  tlw  radielo  nuinllnir  awav 
(lam  iliD  hilum,  as  in  fig.  GOO  and 
fig.  B06. 

A  «fr*M ;  directed  upwrtrdi  or  forwanU. 

Ap^aloHi :  dcititulo  of  jiciols  or  corolla, 

leo. 

Ajif4^lou*:  desliintc  of  leaves,  at  least 
,     in  the  form  of  foliage. 
A/h'ciiI;  relating  lo  tho  apex. 
Apdvlitit :   tenninaling   in  on  abrupt 

short  point  or  tip. 
Apaririieta  pistils  :  thou  not  united  into 

one  body  or  componnd  |>iBTil.  SDO. 
Apoi'vnaceot,  167. 
/t jit>;>nysis :  any  irregular  enlarjtcment, 

liLc  thai  of  the  spore-cosG  of  Spladi- 

nnm  and  some  other  Moswa,  509. 
Ajiollaciain:  tho  shield  or  shield-shaped 

fructification  of  most  Lichens,  SOfl. 
Appendix,  ap/iendag*  i  any  si 
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Affitndleiilatt :  having  nn  nppeiidBgc. 

Apple,  416. 

Apprtstrd:  lying  flat  agfdnEt,  or  close- 
pressed  (Qgcther. 

Apricot,  417. 

Aplfn«i:  Hingless ;  liBving  no  diUtccl 
border  or  appcndngcs. 

Aquatic:  living  in  wnlcr,  cilher  sub- 
mcracd  at  raised  iiartl^r  out  of  it. 

AqoiToliaccn,  443. 

Aneca,  at  An>ideie,485. 

ArAJinoid,  or  dnenow; .-  pohwcbby,  i.  e. 
with  entangled  slender  haini  look- 
ing like  cobweb. 


ATiimtiiia,arboTnirent:  trec-Uk(>,  in  size 

or  Dppcuiinrc,  101. 
Anhtgilmum  (pi.  OiT^sTOiiia)  ;  the  rdo- 
.     bgoe  in  Moiscs  of  the  pistil. 
ArmcOt:  curved  like  a  bent  bow- 
At^dIh,  pi.  artota:   spaces  marked  oat 

on  &  Burfoec. 
Ariolaii!    nuitked    out    into    deliDitc 


&ppen[la)(o  of  a  seed  formed  ni 
growth  from  the  funicnliie,  hilu 
or  placenta  after  the  pompletion  of 
theovnle,  Sai.fiB- 603, 

Arilhle :  -fnmished  with  an  oriilus. 

Arillode :  a  false  aril,  or  covering  of  the 
seed  appearing  like  an  uril. 

Ar^ilatt:  furniithcd  wilbon  avm  {arista), 

Ariatolncliiaco^p,  4G3. 

Amutio,  39a. 

ArrA-t:  painting  upwards. 

Arrowroot,  481,  490. 

Arraic^aped,  or  arrme-htadcd ;  ace  Sa- 
Ciltate  i  fig.  SS2. 

Anichokes,  437. 

Articulaltd:  jointed,  i.  c.  Mparating  hy 
on  arlicuialion  or  jainl,  as  most 
leaves  from  the  stem  in  autDtnti, 
or  linving  iho  appearance  of  a  joint. 
93,  163,  173. 

Aitilieial  rlassilication,  365,  fill. 

Artocarpcnj,  474. 

AKtnding :    rising  obliquclj  npwords, 


Assimflation,  19,  91,  Gl.  ITT,  190. 
Aanirgait:  same  as  ascending. 
Alnpoui  or  <araiial  (ovolcs):  (une  w 

orthotroponB,  398. 
Altar  of  Rosra,  417. 
Aaenualt :  lApering  gradaallf  lo  a  thin 

or  narrow  extremitj". 
AHgnienlalioa  of  parte,  342. 
Auranliacce,  401. 
Auiiculale:  cored;  furnished  with   >D- 

ricles  or  small  lobes  at  the  base. 
Antomatic  movemenis,  347. 

Avocado  Pear,  4GT. 

Aa-l-ilioptd ;  narrow  and  terete,  or  ne*r- 

Ij  so,  and  tapering  to  a  punt; 

16C. 
Aim:  a bristle-shnped  appendigo, like 

the  beard  of  Barlej',  tLc 
Awiwd :  s«eAri>utc.  . 

Axil  (arClln,  the  ormpii) :  the  angle  bo- 

twetn  a  leaf  and  iho  item,  on  thi 

npper  sid«,  97. 
Ai(lr,  or  diial:  belonging  to  iIm  laat, 


AiiUof^:  belonginj 


r  growing  in 


Amending  axil,  73,  61. 

Ak!  !  the  8i)orc-casei  uf  certain 

and  Fnn^,  506,  507. 
Ajcidiam  :    a  pitcher-shaped 

shaped  leaf,  169. 
Asrlepiadacce,  458. 


A^tillary  buds,  S.C.,  97,  210. 

Axis:  tlio  stem  oud  rout,  GT,  79 ;  dH 

central  line  of  any  body,  u  the 
Axil  of  itifioraciact,  91 1. 

Baceale:  ben^-liko;  of  aflefhyoT|raIi7 

texture  like  a  hcnj  [baaa),  3LI. 
Balm  ofGilead,  £c.,407. 
Balaams,  145,  407,  414,  480. 
BalsomiSnie,  435. 
Balsaminacea;,  403. 
Banna- .-  same  as  Texillnm,  253- 
BitrUite  !  bearded  ;  bearing  tofb,  ipM, 

or  lines  of  hnin. 
Biitdlatt :   bescl  with  short  and  stiff 

hairs,  like  the  pappus  of  LUtiis 

Bpirata,  &e. 
BaiMlulale:  a  dimioutire  of  iha  luL 
Burberry.  384. 

Bart.  120,136. 

Basal:   belonging  or  relating  to  thr 

base  of  on  organ. 


Lichei 


r  bniah  nscd  to  sprinkle  holy 

wHior,   as    the   stigmas   of  \ 

Grasses. 
Assnfielida,  437. 


_, — ;  Bltached  by  llie  base. 

BdsUiv :  scaled  ou  ibD'base  oF  anythingi 
Bossorin,  59. 

'«jj,  400  :  iail-crlU  or  lisrae, 


BaneriGB!,  425. 

Bavberry,  477. 
Bdellium,  407. 
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Beaked :  ending  in  a  prolonged  narrow 

tip. 
Bearded:  beset  with  hairs,  especially 
stiff  or  long  hairs.    Beard  is  some- 
times used  for  aum. 
Bell-shaped :  having  the  shape  of  a  bell ; 

277,  fig.  456. 
Benzoic  Acid,  Benzoin,  443. 
Bcrberidaceae,  384. 
Bergamotf  401. 

Berry :  a  fruit  fleshy  or  palpy  through- 
out, 311. 
Betel,  469. 
Betulaccie,  477. 
Bi'  (or  bis),  as  a  prefix,  means  twice,  as 

in  the  followmg : 
Biacuminate :  two-pointed. 
Biarticulate :  t\i'0-jointed. 
Biauriadate :  two-eared. 
Bibrdcteate :  with  t^'o  bracts. 
Bibrdctedate :  with  two  bractlets. 
Bicdllose :  bearing  two  callosities  or  lit- 
tle protuberances. 
Bicipital :  having  two  stalks  or  legs,  as 
the  keel  of  a  papilionaceous  corolla, 
fi^:.  392. 
Bicdnjugate :  twice-paired,  as  when  the 
petiole  of  a  compound  leaf  forks 
twice. 
Bicomute:  two-homed. 
Bidtfntate :  having  two  teeth  (not  twice 

dentate  or  doubly  toothed). 
Biennial:  lasting  more  than  one  year, 

but  not  more  than  two  years,  83. 
Bifarious :  two-ranked ;  arranged  in  two 

vertical  rows. 
Bifid :  two-cleft  to  the  middle  or  there- 
abouts, 159. 
Bifiorous:  two-flowercd. 
Bi/dliate:  two-leaved. 
Bifdliolute :  of  two  leaflets. 
Bifurcate:    two-forked,  or,  sometimes, 

twice-forked. 
Birf^minate :  twice-paired. 
Bigaier :  a  hybrid  uetween  two  plants 

of  different  genera. 
Bignoniaceie,  447. 
Bijugate :  a  pinnate  leaf  with  two  pairs 

of  leaflets. 
Bilabiate :  two-lipped,  255,  258,  278. 
Bildmeiiate,  or  bildinellar :  of  two  plates 

or  latndtla:. 
Bilberry,  439. 

Bildbate,  or  bilcbed:  two-lobed,  159. 
Bildcttlar:  two-celled. 
Binary :  the  parts  in  twos,  239. 
Binaie :  in  twos  ;  produced  or  borne  in 

paint,  164. 
Binomial  nomenclaturo  (of  two  names), 

363. 
Bipartite:  two-parted. 
Bipinnate:   doubly  or  twice  pinnate; 
164,  fig.  282. 


BipinnateJi^ :  twice  pinnately,  161. 
Bipinndtijid :  doubly  or  twice  pinnati- 

fid;  161,  fig.  280. 
Bipinndtisect :    twice-pinnately  divided, 

161. 
Biplicate :  twice  folded,  or  having  two 

folds. 
Bipdrose :  opening  by  two  small  holes 

or  pores,  fig.  474. 
Biradiate  :  consisting  of  two  rays. 
Birdlime,  469. 
Birimose :  opening  by  two  slits,  as  do 

most  anthers,  fig.  473. 
Bis^ptate :  having  two  partitions. 
Bis^rial,  or  bis^riate:   occupying  two 

rows,  one  within  or  above  the  other. 
Bis€rrate :  doubly  serrate,  i.  e.  the  teeth' 

themselves  serrate. 
Bisexual :  having  both  stamens  and  pizi- 

tils,  261.  t 

Bisulcate :  having  two  furrows. 
Bit^mate :  twice  temate ;  i.  e.  divided 

into  three  parts,  and  these  again 

into  three  ;  164,  fig.  284. 
Blackberry,  416. 
Bladdery :  thin  and  inflated,  like  a  blad- 

^    der. 
Blade  of  a  leaf,  petal,  &c.,  145,  276. 
Bloom,  56,  144. 
Blueberry,  439. 

Boat-shaped:  concave  within  and  con- 
vex (and  often  keeled)  without. 
Bohon-Upas,  475. 
Borraginaceo^,  450. 
Bothre'nchyma ,  45,  46. 
Brdchiate :  with  opposite  branches,  the 

successive  pairs  sprcmling  at  right 

angles  with  each  other. 
Bract  (Latin,  bractea)  :  the  leaves  of  an 

inflorescence,    especially  the    leaf 

which  subtends  a  flower,  143,  211. 
Brddeate :  subtended  by  a  bract 
Brdcteolate :  subtended  by 
Bractlets,  brdrtcoles  (I^tin,  bractea)  : 

bracts  of  a  second  order,  &r.,  or 

bracts  on  the  pedicel  or  tlic  flower- 
stalk,  211. 
Branches,  and  branchlets,  97. 
Brazil-wood,  414. 
Bread-fruit,  475. 
Breathing-pores,  52,  150. 
Bristles :  stiff*  short  hain  (52),  or  liair- 

like  bodies. 
Bristly :  beset  ^ith  stiff"  bristles. 
Bromeliaccae,  492. 
Brydlogv :  same  as  Muscology. 
Buckwheat,  466. 
Bud :  a  stem  or  branch  in  an  underel- 

oped  state,  93. 
Budding,  100. 
Bud-srales,  95,  167. 
BoflTalo-berry,  468. 
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BvBiijirout!  produdng  bulbi. 
BuIlMt;  lilTlcbulIn  above  groDncI,  log. 
BullioH,  01  balboia :  biilb-liko  in  eliapc. 
Bulbo-lubfT  :  Bnmc  Hi  n  oirm. 
Bullale  :  a  fiiirilice  npppariiiR  as  if  UlSs- 

terrd,  puckered,  or  f)linldi:ry  (from 

buUa.  a.  bubble). 


BnrecrncciD,  406. 

Bariiculale :  prorided  nith  poacb-like 

DppendogDs  (Jwrtiru/w). 
Batomaei?*,  487. 
BuVfrfig-iliapid  corolla,  S53,  2T7. 
Battemut,  476. 
Bijaactous!  composed  of  line  eu  (angled 

threade  {hi/mis,  or  fine  fiux). 
BjUneriaceK,  S^i. 

CalnmbaeeiF,  386. 

Caetaccn,  421. 

Cadilcoia:  falliiig   ofl*   at  llio  lime  of 

expflnsion,   as   the   cnlj'x  of   the 

Poppy,  a:  9. 
CnHdpfaoK,  413. 
Oaicna:  iHvcndor-eolorod. 
CitpittK.  or  eetpitiat :  growing  in  tafls 

or  turfs. 
Cajeautoil,4ia. 
CAlBbuh,  447, 

CalabBBli'Nulmeg,  383. 

Calatkidiam  :  a  nimiQ  for  the  head  of 

Compositie. 
CaliUhiform :  cup-shnpcd. 
Cdlaaale .-  bearing  a  spur  {talcar),  378  ; 

as  Iho  Violet,  Gg.  396,  and  Lark* 

spur,  fig.39B. 
Ciffetolatf,  or  cOlciJbrm,  slipper-shnped. 
Colli trichaceu],  470. 
Qjffijw .-  fiiniiahcd  with  calloalliea  (eo/Zi) 

or  bardcQcd  or  protuberant  spots. 
Calcoiu :  bald. 
Calycanthaceai,  417. 
Cd'vcinf :  relating  to  du  calyx. 
Oiyciilau,  or  caltcttiatt :  furnished  with 

an  outer  accessory  calyx  (cn'i^i'iu), 

or  set  of  hractlcu  resembling  a  ca- 
lyx, as  in  Dianthus. 
Cal^Ara .-  the  hood  or  veil  of  the  spore' 

cBsu  oF  a  Moas,  503, 504  i  or  a  Wy 

liku  it,  389. 
OJgfitrale:  furaished  vith  a  c^;^tra, 

oriotncthing  like  iL 
Gali/plrifinii :  shaped  like  a  calj'ptm  or 

condlMUCtiagnisber,  as  ilie  calyx 

of  Ejchicholtzin,  p.  389,  Kl'.  692. 
Cal^z :  iho  exterior  floral  enrolope,  or 

leaves  of  tha  flower,  323,  374. 
Cambium,  Cambium-laga;  133. 


Campdn^aU :    bcll'Shaped  ;   377 

4&6. 
Camphor,  400, 467. 
Qimpvloip^rmiHis !  when  a,  seed  or 

like  fruit  is  rolled  up 

D  longitudinal  furrow  down 

sidy,  as  thnt  of  Sweet  Cicely. 
CamptiharopouaoT  eamp^ropalt 

seed.  S9S,  399,  fig.  527. 
Canada  Balsam,  4S0. 
CaaaliaJntt!  longitudinklljr  cfaonni 


Cdnrdlale :  resembling  lattic»-woriL 
Caadlcberry,  477. 
Canaeail :  whitened  or  he 

and  close  pubcscvDce. 
CaunobineE,  475. 
CaniiBCe*,  490. 
CooulcJioac.  57,  458,  473,  4 
Cftpcrs,  391. 

CiijiiHari/,  ot  amUldceoia :  hoir-lihe. 
Cdpibitt !  headed  ;   having  a  globolar 

apex  like  the  head  of  a  piu ;  or  col- 
lected into  a  head. 
CaptletlaU:  diminutive  of  capitate. 
CapiUdum :  a  hcnd  of  flowers,  a 

Clover,  Button-bush,  Sue  \  919, 

330. 
Cappoiridaccie,  391. 
Cu/rfulatt :  furaishnl  with  tendiilf. 
Caprifoliaees,  431. 
Cdjaatar:  rclmiog  to  a 
Capsule :  any  eornpound  dcliis«>itl 

315,  flg.  582,  58." 
CarduDion,  490. 
Varimi:  a  keel :  thetwo  antcriorpetals 

of  a  papilionaceous  flower;    354, 

fig.  392,  e. 
Cdrinair:  keeled;  fumisbed  with  npro- 

jeeting  longitudinal  ridge  along  the 

under  side. 
Oiri&ptii,  or  carylpsU :  ftgiain,  314. 
CanifOttt !  Ilcsh-colorod. 
Camoie:  fleshy  in  texture. 
Caijtfi  {corpettaia  or  ctuviditai]  z  a  nm- 

pie  piHtU,  or  one  of  the  clcmenu  of 

a  compound  o""  """ 


I 


department  of  Bousy 

uiiii  nuaicd  to  fruits. 
Cdrpaphon :  the  stalk  of  a  pistil,  3S7. 
Carrot,  436. 

Carlilariinoai :  tough,  like  cortilose. 
Cdnmclt!  an  cxcrcscetice  at  th«  mlnm 

of  ccrtnii)  seeds,  331. 
CuniNcu/ute .-  furaiiibed  with  a  c«raneta> 
CoryopbyllaecK,  395. 
OuyaphjUactout   (MiolU)  :    pink-Ifl 

376. 
Carydptit :  a  gmin,  314. 
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Cassia-bark,  467. 

Castor-oil,  472. 

Caatmie  (stamen) :  with  no  anther  or 
one  containing  no  pollen. 

Qttapetaloas :  where  the  petals  are  unit- 
ed with  each  other  at  the  base  and 
with  the  base  of  the  stamens,  as  in 
the  Mallow  family. 

Catechu,  414. 

Cal/nulate :  composed  t>f  parts  united 
end  to  end,  like  the  links  of  a  chain. 

Catkin:  see  Ament,  213. 

Caudate :  tailed  or  tail-pointed. 

Caudex,  101. 

Caudicle :  a  little  stalk,  like  that  of  the 
pollen-mass  of  Orchis,  &c.,  fig.  1235 

Cavuscent :  obviously  having  a  stem. 

CaulicU :  a  little  stem,  or  a  rudimentary 
stem ;  the  radicle,  71. 

Cauline,  or  cauUnar:  relating  to  a 

CauUs :  the  main  stem,  91. 

Cayenne  pepper,  436. 

CedrelaccsB,  401. 

Cedron,  405. 

Celastracese,  408. 

Ceil :  a  cavity  of  an  anther,  ovary,  &c., 
281,  291.  In  vegetable  anatomy, 
one  of  the  vesicles,  or  elements  of 
which  a  plant  is  composed,  23. 

Cell-formation,  27. 

Cell-growth,  30. 

Cell-multiplication,  28. 

CeUuiar  barky  or  envelope,  121. 

Cellular  Plants,  68. 

O^lalar  tissue,  or  structure,  23. 

CeUuie :  same  as  Cell  (in  veg.  anatomy). 

COJuhte,  27,  192. 

Celtideas,  474. 

Cenirffugal  inflorescence,  218. 
*'         radicle,  326. 

CeiUripelal  inflorescence,  212. 
"        radicle,  326. 

CeratophyllacciB,  470. 

Qfreal :  belonging  to  com  or  com- 
plants ;  these  having  been  called 
the  gift  of  Ceres. 

Gemuous:  nodding. 

Chajf:  the  scales  or  bracts  on  the  re- 
ceptacle which  subtend  each  a  flow- 
er in  the  heads  of  many  Composite, 
as  the  Sunflower ;  also  the  glumes, 
&c.  of  Grasses  ;  215,  435. 

Ckaffif :  provided  with,  or  of  the  texture 
of  chaff. 

Chaldaa:  the  part  of  the  ovule  where 
the  coats,  nucleus,  &c.  are  all  unit- 
ed;  298,  fig.  521,</,  526,  c. 

Channelled :  see  Canaliculate. 

Characcse,  510. 

Ouuxicters :  the  essential  marks  distin- 
guishing one  species,  genus,  &c. 
from  tliose  most  rescmbhng  it,  362. 


Chartaceous :  of  the  texture  of  paper  or 
parchment 

Chcckcrberry,  441. 

ChcnopodiacesB,  464. 

Cherry,  417. 

Chestnut,  477. 

ChUirophijU :  leaf-green,  58. 

Chiordsis :  a  loss  of  color ;  a  reversion 
of  the  petals,  &c.  of  a  blossom  to 
green  leaves. 

Chlorospermcxe,  509. 

Chocolate,  398. 

Chdrisis :  the  division  of  one  organ  into 
two  or  more,  243. 

Chromide:  the  coloring  matter  of  plants, 
especially  of  petals,  &c. 

Chrysobalanaccffi,  415. 

Cicatrix :  a  scar  left  by  the  fall  of  a  leaf 
or  other  organ. 

Cilia  (sing,  cilium,  the  eyelash) :  hairs  or 
bristles  fringing  the  margin  of  any- 
thing ;  those  of  the  inner  peristome 
of  a  Moss,  502. 

Ciliate :  the  margin  fringed  with  hairs. 

Cinchona,  432. 

Cinchoneie,  432. 

Cin^ndtyma,  49. 

Cinereous,  cineraceous:  ash-gray. 

Cinnamon,  467. 

Circinaie:  involute  from  the  top;  144, 
fig.  219. 

Circulation  in  cells,  31, 178. 

Circumcissile,  or  circumscissHe :  opening 
or  divided  by  a  transverse  circulitf 
line;  317,  fig.  588. 

Circumscription :  the  general  outline. 

Cirrhose,  cirrhi/erous :  tendril-bearing, 
or  with  organs  serving  as  a 

Cirrhus:  a  tendril. 

Cistacese,  393. 

Cistdma :  a  kind  of  sac  lining  the  cham- 
ber under  a  stomate  in  certain 
plants. 

Classes,  360. 

Classification,  352. 

Clathrate:  latticed. 

davate.daviform:  club-shaped;  narrow 
below  and  thickened  towards  the 
summit 

QavCculale :  with  tendrils,  or  lea&talks 
acting  as  such  (claiHcuia), 

Claw:  the  narrowed  base  of  a  petal, 
&c.,  276. 

Oejl :  cut  to  about  the  middle,  and  with 
narrow  or  acute  sinuses ;  159,  fig. 
261,265. 

Climbinrj :  rising  by  laying  hold  of  oth- 
er objects  in  any  way,  102. 

ClindfUhium :  the  receptacle  of  the  flow- 
ers in  Compositxc. 

Cloves,  418. 

Club-shaped:  sceClavate. 
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Clnsinecic,  100. 

Clialmd:  collected  into  a  banch. 
C/ypeule:  bncUer-alinped. 
Ceae^rrule :  heaped  together. 
CW</unaie.'eo!ieriQg;  uoiteil  at  the  baso 

QaUaceHcc,  119. 

Coattacent :  growing  together. 

Coardttle  .■  erowdcd  toother. 

Coaled!  composed  of  layers;   or 
nished  n'itli  a  rind. 

CobimUitd,  or  coiiiMi/ :  bearing  long 
haira  like  cobweb  or  goasamcr. 

Cocculiu  ln<Ueil9,  384. 

Ctneui  (pi.  coepi) :  ancientlj  n  borry; 
now  used  for  tlio  cloned  earpeUiuio 
which  many  IViiiM  »plit  (316),  ns 
thosuof  Euphorbia,  fig.  1143, 1145. 
and  ViTbena,  fig.  385. 

CodUnt'lJbrin!  shaped  like  nepooii(c(icA- 

Oklieala:  like  a  snail-shell  (cscAIsa). 

Coeoa-plam,  41S. 

Ctdotpitmoia :  i.  c.  hollow-saoded  ;  the 
top  and  bottom  incurved,  as  in  Co- 
riander^tccd. 

Coffuo,  433. 

Cahtreid!  united  together. 

Cohaion  of  parts,  250,  Lc. 

CUtorhut  (rooE-shcach) ;  the  «hcalh  nr 
covering  (belonging  to  tho  cotyle- 
don or  plumule)  throu^i  which  the 
radicle  of  most  Endogcns  burst*  in 
germination. 

OMar.  aJlaiH :  the  neck  or  line  of  junc- 
tion between  the  pi-imsiystem  aud 

a^taift  fnals,  318. 

Colocyjilh,  ii3. 

O/larcd:  uf  some  other  color  tlmn  green, 

Colnmho-root,  384,  457. 

Calum^a;  tho  axis,  or  central  column, 


;  tho  united  filaments  of  mon- 

adclphous  stamens,  or  the  united 

filaments  and  stylo  in  gyuandrous 

flun'crs ;  SBI,fig.  4S8. 
GJumaan  pillar4haped. 
Cama;  a  tuft  of  any  sort,  espcriallv  n 

tuft  of  hairs  on  a  seed,  331,  iig. 

60a ;  tlic  whole  head  of  a  tree,  &c. 
ContaU,  or  romase  i  boariug  a  roma. 
Combreinces,  419. 

Conimel  jnaccm,  or  CommelinaeciB.  49G. 
CUnimltsui-f ;  ihs  line  of  junction  oftvru 

carpels ;    nscd  mostly  in  Umbcl- 

lifvro,  i!6. 
QuniKoa!  used  as  "general,"  opposed 

10  partial. 
dmfiaiuiit:  flattened. 
CKKpUre^fioicm  having  ail  the  kinds  of 

orgQiiH,  222,  238. 


Cbmplitalt  1  folded  Dpon  itself. 

CompositX,  435. 

Compoitndjhicrr,  i  1 5,  fig.  323  ~  3S5,  and 

435,  «s-  887,  &r. 
Compoand  kaf:  one  composed  of  two  Wi 

mom  blades,  163, 
Caaijioiuat  pislil,  190. 
Vomj)0»nd  iijtiJtr,  racm 
Compnaed;  fiatteucd 

Can^rie  kgnt  (it  wood,  112,  ISS. 
OimAi/brmr  shell-shaped. 
CanaJond  :  all  of  one  color. 
Cond^Uicale:   folded  together 

wise,  144,  165. 
Com:  SCO  Strobile,  319. 


i 


llorsechcsinut.  3S7. 

Cottferledi  crowded. 

Coajiaeal :  running  togethsr,  ot ' 


nnl  rf  *-l^ 


Gmgalfd :  cron'dcd  togodier. 
CoHi/iilbaU :  cloistered  into  a  ball. 
GxajfanwnJi  .■  thictly  einslcred. 
Conifcrsi,  470. 
Qmijeroat!  cono-lfearing. 
CdrnugaEc  :  coupled ;  in  single  paiilL 
Conjugation.  333. 
Canaale:  nniiedor  ktowr  togeiherAon 

tho  earliest  state.  3SI. 
Conmlt-}iaiol"if.   I6S,  fig.  894. 
CanliiitHti coHHrelirum  .•  ilie  part  of  the 

anther  connciiing  its  two  cuUi  or 

lobes.  281,283. 
Oinnfemt:  eonveiEing. 
Cauaidal:  approaching  a  conical  form. 
Qmtalidala/ :    when  onllke   part*   an 

grown  together. 
QHaolidation,  350. 
Cmlitiuoia ;  Hot  intcimptcd. 
Qmtohedi  twisted.  272. 
CantartujiCaae !  twisted  and  folded. 
Contracted !    cither  noirowcd  or  ihgfl- 

Conlnny:  opposite  in  direction  losoilW- 


.  373. 
dlHviluit  vcnmtion :  rolled  up  lengi)i~ 

wise  in  tho  bud,  141. 
Con\-olvulucea>,454. 
Copalrn,  414- 
Copal.  414. 
Copalchc-barii,  434. 
Girdate:  heart-shaped;   shopcd  like  a 

lienrt  as  piiiutcd  upon  cants,  the 
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sinus,  or  notched  end,  being  at  the 
base ;  ti^.  244. 

Cordiaeeae,  451. 

Coriaceous :  of  a  leathery  consistence. 

Cork,  477. 

Corky :  of  the  texture  of  cork. 

Corky  envdope  or  layer  of  the  bark,  121, 
127. 

Corm  [cormus)  :  a  solid  bulb,  108. 

Cormophytes:  plants  having  an  axis 
(root  and  stem),  in  contradistinc- 
tion to  Thalloph7te8,371 

Comacce,  428. 

Corneous :  of  the  consistence  of  horn. 

ComktJate:  famished  with  a  small 
horn. 

Comine,  428. 

Comuie:  furnished  with  a  horn  (comu). 

Corolla  :  the  inner  of  the  two  floral  en- 
velopes, 222,  275. 

CoroUdceous,  cdroUine :  like  a  corolla  in 
appearance  or  texture,  or  belong- 
ing to  the  corolla. 

Cortfna :  a  crown,  such  as  the  append- 
ago  at  the  top  of  the  claw  of  the 
petals  of  Silcne ;  246,  fig.  378. 

CororuUe :  bearing  a  crown. 

Cortex :  the  bark  or  rind. 

Cortical:  pertaining  to  the  bark. 

Qfrticate :  famished  with  a  distinct  rind. 

Cdrymb :  a  convex  or  flat-topped  flower- 
duster,  211. 

Qfrymbose :  disposed  in,  or  resembling, 
corymbs. 

Cotia :  a  rib,  or  midrib. 

C6tt€Ue :  ribbed,  or  with  a  midrib. 

Cotton,  44,  398. 

Cotyltfdons:  the  flrst  leaves  of  the  em- 
brvo ;  seed-leaves,  71,  324. 

Cot^lijonn :  dish-shaped. 

Coumarin,  414. 

Cowitch,415. 

Cranberry,  439. 

Crassulaccse,  423. 

Crat^ri/orm:  goblet-shaped. 

Creeping:  ranning  on  or  beneath  the 
ground  and  rooting,  102. 

Cr€mocarp :  the  frait  of  UmbelliferB, 
425. 

Crenate^  or  crendUd:  the  margin  fur- 
nished with  even  and  rounded 
notches  or  scallops  ;  159,  fig.  256. 

Cr^nulate :  diminutive  of  Crcnate. 

Cresccntica*,  447. 

Crested:  see  Cristate. 

Cribrose:  pierced  with  holes  like  a 
sieve. 

Crinile :  bearded  with  long  hairs. 

CrispcUe:  curled. 

Cristate :  crested ;  bearing  any  elevated 
appendage  on  its  surface. 

Oro$$ireeds :  individuals  originated  by 

45 


fertilizing  one  variety  or  species  by 
another,  356,  357. 

Crowberry,  474. 

Crown  (246,  279,  fig.  378) :  see  Corona. 

Crowned:  sec  Coronate. 

Crowning:  home  on  the  apex  of  any 
organ. 

Cruciate,  or  cruciform :  cross-shaped, 
277,  as  the  corolla  of  the  Mustard 
family,  fig.  405. 

Cracifenc,  389. 

Cmde  sap,  53,  190. 

Crustaceous :  crusty  in  texture,  hard 
and  brittle. 

Cryptogamia,  513. 

Cryptdgamous  or  cryptogamic :  relat- 
ing to 

Cryptogamous  Plants,  69,  330,  499. 

Crystals,  59. 

Cucuilate,  or  cucullijbrm :  hooded  or 
hood-shaped  ;  rolled  up  like  a  cor- 
net of  paper,  503. 

Cucumber,  423. 

Cucurbitacese,  423. 

Culm:  a  straw,  or  straw-like  stem,  101. 

CuUrate:  shaped  like  a  broad  knife- 
blade. 

Ciineate,  or  cuneiform:  wedge-shaped; 
broad  above,  and  narrowed  to  the 
base,  with  straight  sides  ;  fig.  235. 

Cunoniacese,  or  Cunonieie,  525. 

Cupressineie,  480. 

Cup-shaped,  cupuliform:  hemispherical, 
and  hollow  aoove. 

CUpitlate :  fumishcd  with  a 

Cupule,  or  aipula :  the  acom-cup,  314. 

Cupulifcne,  476. 

Curled:  irregularly  folded  and  crimped. 

Currant,  421. 

Curvinervedy  158,  fig.  236. 

Curviserial:  in  curved  ranks,  141. 

Cuscuteae,  or  Cuscutinese,  455. 

Cushion :  the  swollen  base  of  a  leaf- 
stalk, or  the  enlargement  below  the 
insertion  of  many  leaves. 

Cuspidate :  tipped  with  a  cusp,  or  sharp 
and  rigid  point ;  162,  fig.  275. 

Castard- Apple,  382. 

Cut :  see  Incised,  or  Dissected. 

Ciiticle :  the  outer  skin  or  pellicle  of  the 
epidermis,  149. 

Cydthiform :  cup-shaped. 

Cycadaceae,  481. 

Cycle :  one  complete  turn  of  a  spire ;  a 
circle. 

COdical :  coiled  into  a  full  circle. 

(fycldsis  :  circulation  in  cells,  31. 

Cylindracfous:  approaching  to  the 

Cylindrical:  circular  in  transverse  out- 
line and  tapering  gradually,  if  at 
all,  as  in  most  stems. 

Ofmbccjbrm :  boat-shaped. 
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Cyme  (cyma) :  a  cluster  of  centrifugal 
inflorescences,  218. 

Cumose :  bearing  cymes,  or  cymo-like. 

Cymule  {qfmuic!) :  a  cymdet,  or  little 
cyme,  218. 

Cynarrhodium :  such  a  fruit  as  that  of 
liose  (fig.  429)  and  Calycanthus, 
fig.  815,819. 

Cvperacc«,  496. 

C^psela :  an  achcnium  with  an  adher- 
ent calyx-tube,  as  in  Compositie. 

Cystidium :  a  utricle. 

q/stolithes,  60. 

Cgtoblast :  the  nucleus  of  a  vegetable 
cclL 

Dammer  Pitch,  400. 

Z>eca-,  in  words  of  Greek  derivation : 
ten  ;  as  in 

Decag}'nia,  515. 

Decdyynous :  with  ten  pistils  or  styles. 

Decdiueroits :  the  parts  in  tens,  234. 

Decandria,  512. 

Decandrous :  with  ten  stamens,  280. 

Decap€tcdous :  with  ten  petals,  276. 

Deciduous :  falling  oflf,  or  subject  to 
fall ;  as  petals  falling  after  blos- 
soming, 279,  and  leaves  before 
winter,  172. 

DAJinate,  declined:  turned  to  one  side. 

Decompound:  several  times  compound- 
ed, 165. 

DecHmhcnt :  reclined  on  the  ground,  the 
summit  rising,  102. 

Decurrent:  prolonged  below  the  inser- 
tion, as  the  leaves  of  tlie  Thistle, 
170. 

Decussate :  the  successive  pairs  crossing 
each  other  at  right  angles,  142. 

DedujfliccUion  {di'douLlement) ,  243. 

Dejinite :  of  a  fixed  number,  and  not 
above  twelve  or  twenty. 

Definite  growth^  100. 

Definite  inflorescence,  217. 

Deflexed :  bent  do\vnwards. 

Dejionite :  past  the  flowering  state. 

Defoliate :  having  cast  its  leaves. 

Dehiscent  fruits,  &c.,  315  ;  opening  by 

Dehiscence :  splitting,  as  do  pods,3 11,316. 
*'        of  anthers,  283. 

Deliquescent:  the  stem  dissolving  into 
branches,  99. 

D^toid:  shaped  like  the  Greek  capital  A. 

Demersed:  growing  under  water. 

Dendroid,  dendritic :  tree-like. 

Dentate :  same  as  toothed  ;  159,  fig.  255. 

Denticulate  :  fumislied  witli  fine  teeth,  or 
denticulations. 

Denudate :  made  naked. 

Depauperate :  dwarfed  in  size. 

Depressed :  flattened  vertically  or  from 
above. 


Dexmding:  tending  gradnally  down- 
wards. 
Descending  axi»,  72,  79. 
Desmidiie,  or  Desmidiaoeie,  510. 
Determinate  inflorescence,  217. 
Descriptive  llotany,  15. 
Development,  19. 
Dextrine,  54,  193. 
Dextrorse :  towards  the  right. 
/>!-,  in  Greek  compounds ;  two. 
Diadelphia,  513. 
Diad^phoia:   stamens  united  br  their 

filaments  in  two  sets ;  280,  &g,  461. 
Dhindria,  512. 

Didndrous :  with  two  stamens,  279. 
Diagndsis:  a  brief  essential  character. 
Diaiyji^alous :  of  distinct  petals. 
DiapensiacesB,  454. 
Didphanous:  transparent 
Diatomaceae,  510. 
Dicdrpellary :  of  two  carpels. 
Dichlamydeous :  with  both  calyx  and 

corolla. 
Dichondreie,  455. 

Dich6tomom :  forking  into  two  branches. 
Diclinous :  with  the  stamens  and  pistils 

in  separate  blossoms,  261. 
Dicdccous :  separable  into  two  coccL 
Dicotule'donous :  having  a  pair  of  co^le- 

dons,  78,  326. 
Dicotyledons,  Dicotyledonous  PlantSi 

114,326,370. 
DCdymous:  twin. 
Didynamia,  512. 
Didj/namous:  with  two  long  and  two 

shorter  stamens,  258,  281. 
Diffurmed:  of  unusual  shape. 
Diffuse :  widely  and  loosely  spreading. 
Digamous:  having  flowers  of  two  dS"- 

fcrent  sexes. 
Digestion,  190. 
Digitate  (fingered) :  compound,  with  the 

parts  all  arising  from  the  same 

point ;  163,  fig.  277. 
Digitaiely  tri-plurSbliolate,  164. 
Digynia,  515. 

DigunoHS :  with  two  pistils  or  styles,  287. 
DiireniacesB,  380. 

Dimerous :  the  parts  in  twos,  234,  239. 
Dimidiate:  halved,  or  appearing  as  if 

one  half  or  side  were  wanting,  283. 
Dimdrphous:  oft^vofo^ns. 
Dicecia,  513. 
Diacious  :  with  stamens  and  pistils  in 

separate    blossoms    on    different 

individuals,  262. 
Dioscorcaceaj,  492. 
Diosmeaj,  407. 

Dipelalous :  of  two  petals,  276. 
Diphtjllous :  two-leaved,  275. 
Diploste'monous :    stamens    double    the 

petals  or  sepals  in  number. 
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Bipsacee,  435. 

DipterocarpeaB,  400. 

Dipterous:  two-winged. 

Dixiform:  disk-shape;  flat  and  circa- 
lar,  like  a  disk  or  quoit. 

Discoidal,  discoid:  like  a  disk;  or  be- 
longing to  the  disk ;  destitute  of 
rays,  436. 

Dis^patous  *  of  two  sepals. 

Disk,  or  disc :  a  fleshy  expansion  of  the 
receptacle  of  a  flower,  267  :  the 
central  part  of  a  head  of  flowers, 
as  opposed  to  the  border,  436  ;  the 
face  of  any  flat  body,  as  opposed 
to  the  margins. 

Disk-bearing  woody  tissue,  43. 

Disk-flowers,  436. 

Dissected :  cut  into  pieces,  or  nearly  so. 

Dissepiment :  the  partition  of  a  pod,  291. 

Dissiiient :  bursting  in  pieces. 

Distichous :  in  two  vertical  ranks,  134. 

Distinct :  when  parts  of  the  same  name 
are  unconnected,  251. 

Divaricate :  straddling  widely. 

Divergent:  separating,  their  summits 
inclining  from  each  other. 

Divided:  cut  into  distinct  portions; 
160,  fig.  263,  267. 

Dodeca- :  in  Greek  derivatives  ;  twelve. 

Dodecagynia,  515. 

Dodecdgunous :  with  twelve  pistils  or 
styles. 

Dodccdndria,  512. 

Dodecdndrous :  with  twelve  (or  from 
twelve  to  nineteen)  stamens,  280. 

Doidbri/orm :  axe-shaped. 

Dorsal :  belonging  to  the  back  (cbrsum). 

Dorsal  suture,  289. 

Dotted  ducts,  38. 

Dotted  leaves,  &c. :  marked  with  small 
spots,  either  colored,  or  transparent 
and  appearing  like  punctures. 

Double  flowers  :  monstrous  blossoms, 
with  the  petals  unduly  multiplied, 
222,  229. 

Doubly  compound,  1 64. 

Downy :  clothed  with  soft  pubescence. 

Dragon's  blood,  414,  493. 

Droscracesp,  394. 

Drupaceous :  like  or  pertaining  to  a 

Drupe:  a  stone-fruit,  312. 

Drujjelet :  a  diminutive  drupe,  313. 

Dryades,  418. 

Ducts,  45, 

Dumose:  bushy. 

Duplicate  .•  doubled  or  folded. 

Durdmen:  heart-wood,  126. 

Dwarf:  comparatively  low  in  stature. 

E',  or  Ex',  as  a  prefix,  means  destitute 
of ;  as,  ecostatCf  riblcss ;  exalbumi- 
nouf,  without  albimien,  &c. 


Eared:  see  Auriculato. 

Earthy  constituents  of  plaqts,  179, 186. 

Ebcnaces,  442. 

Eb€neous :  black  like  ebony. 

Ebony,  442. 

Ebrdcteaie :  destitute  of  bracts. 

Ebrdcteolate :  destitute  of  bractlets. 

Ehurneous :  white  like  ivory. 

Echinate:  beset  with  prickles  (like  a 
hedgehog). 

Ecldnulate:  rough  with  small  prickles. 

Edtfntate:  toothless. 

Effete:  past  the  perfect  or  productive 
state. 

Effuse :  very  loosely  spreading. 

Eglandulose :  destitute  of  glanas. 

Elaborated  sap,  53. 

Elflsagnaces,  467. 

Elaters,  40,  505. 

Elatinacca*,  395. 

Elementary  constituents  of  plants,  179. 

Elementary  structure  of  plants,  17. 

Ellipsoidal:  approaching  the  form  of 

Elliptical:  o\iil  or  oblong,  and  with 
both  ends  similar  and  regularly 
rounded. 

Emaryinate:  notched  at  the  end;  162, 
fig.  273. 

Embracing:  surrounding,  as  by  a  broad 
.     attachment 

Embryo:  the  rudimentary  plantlet  in  a 
seed,  71,323. 

Embryo-sac,  304. 

Embryogeny :  the  formation  of  tho  em- 
bryo, 304. 

Embryonal  vesicle,  306. 

Emerged :  raised  out  of  water. 

Emetine,  433. 

EnantioUdstous :  with  the  embryo  at  tho 
end  of  the  (orthotropous)  seed  dia- 
metrically opposite  toe  hUnm,  as  in 
Tradcscantia. 

Endecag}'nia,  515. 

Endecdgynous :  with  eleven  pistils  or 
styles. 

Endocarp :  the  inner  layer  of  a  pericarp, 
,      310, 312. 

Endochrome:  tho  coloring   matter  of 

/         AlglE. 

Endogen,     Endugcnie,      Endogenous 

Plants,  113,370,482. 
Endogenous  structure,  113,  114. 
EndophUkum:  inner  bark,  120. 
Endoj)letira :   tho  innermost  seed-coat, 

321. 
EndorhizA :  a  synonyme  for  Endogens. 
Endorhizal:  said  of  an  embryo  which 

has  the  radicle  sheathed  by  the 

cotyledon  or     plumule    wrapped 

around  it. 
Endosmdse,  or  EndosmiSsis,  33. 
E'ndosperm :  tho  albumen  of  the  seed, 
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eapeeiallfiv^cn  this  i9  farmed  in  tlic 
.  Bni1ii70-sacofllieOTuU,3!3, 323. 
Endoalonie:     ihe   oxOkv  of  ihs  inner 

CtuttorthdOTUle,  398. 
EndolkildttM!  tho  inacr  lining  of  lite 

cell!  Dfun  antlicr. 
■  Ervntd:  nervclcaa, 
Eiiaca-:  nine;  as  in 
Enniiagynia,  SIS, 

EnnaiggTVna:  willi  nine  pisdls  or  stvlvs. 
Enncaodrin,  S12. 
Enneditdniia :  Willi  nine  sCamena. 
EniKopfloloia  :  ninc-prtallcd,  S76. 
Entldal:  without  a  node. 
Eiualt:  rams  as 
Envybrm:  emjrd-shapcd. 
E»ltre !  Iho  mnrgin   wliolo   ond  oven, 

not  loolhcd  or  cnl,  159,  S7S. 
Entojihijla :  planw  parasitic  witliin  oth- 


Epocrx 
Ephtmt 
Epi-,  ir 


rrrni .'  Inacing  but  a  dnjr. 


Epi 


exterior  cnljx,  as  in  Mnlli,,.. 

Epicarp !  the  outermoEt  Ujcr  of  n  peri- 
carp, 310. 

^lichlHum!  ihoupperparlof  iholip  of 
an  Orchid,  irhcn  different  from  the 

EpifOrelUne :  upon  tho  corollfl. 
'.jiida-vial :  relHlin);lo  tho 
'.pidfriuit:   the  skin  of  a  plant;  SI, 
'S3.  US. 
BUI  ■-  gTowiug  OD  or  close  to  tho 

111003 :  upon  tho  ovary,  2IV2,  268, 


Epip&ilom:  upon  the  eomlla,  S8I. 
Emiihliium;  outer  or  cork  jr  Inirk,  ISI. 
EpiplafUona :  upon  a  leaf. 
Epiphvtal,  or  c/iijnAjKic .-  Tclndnt;  to 
^pip/igirt,   plants  growing  affixed  to 

another  phinl,  but  not  nourished 

by  it.  87. 
Epfpleioni !  winged  at  the  top. 
Epiipa-m:  llio  outer  seed-rout,  320. 
Equal:  rcgulur,  or  of  the  satuo  length 

or  nainber,  as  the  cnso  tnny  be, 
Eqidlaleral :  equal-sideil. 
^uiBCtaces,  409. 
Bquilaal:  rilling  stradiUc,  145,  16S. 
Eriantlioia ;  n'Dolly-flowcrcd. 
Eticncen,  439. 


EriogoneK,  466. 

Enat!  eroded,  us  if  gnawed. 

Erdtnite .-  not  beaked. 

Escallonics.  42S. 

Eucntial  organi  of  the  flower,  322. 

Ettivaliiin :  boo  .Estivation, 


&  (htita 
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Eltcrio !  a  name  for  bdcH 

ruspborry  and  blacklicnT'. 
EupliorbiM:cic.471. 
EvaUvd,  or  erdlctilar ;  vslveless. 
EBtrgrren.-  holding  the  leaves  o* 

EralMminoas :  without  albinnetl,  323. 
Eictatric  ;  oat  of  tho  centre,  325  ;  oni 

Exerctions,  ST,  17S. 

EiciurtBt .'  protruding  beyond  ihe 

as  when  the  midrib  of  a  leaf 

jeets ;  or  running  to  the  \ay  t 

mit,  as  the  maia  stem  of  a  Fir, 
Exhalation,  175. 
Exocarp  !  the  outer  layer  of  Q  pericarp. 
,       312. 
Exogcn,  Exijgcnas,  Extfcenotis  Flauls, 

113,870. 
Emffrnoui  stmctate,  113,  116. 
Exoriiiue  :    a  synonymo  of  I 

tho  radicle  in  thcae  being 
Exoihbal:   not  eneloscd    or 

by  tho  eonledons  or  ptumnle. 
ExomulK,  or  EioemiiaU,  33. 
E'xoitome :  the  oritiee  of  the  onlcr 

ofan  ovule,  a»B. 
E-Totiiisii !  on  indumied  protubenmct. 
ExnfhrfiHiit :  outer  coHt  of  lb«  anilMn 
E'xplaimU:  outspread  or  broKll/ 

Exirrtrd,  eiMH  i  protruding  beyond, : 
tho  stamens  out  of  the  coroU* 
Eg.  450. 

Rxslipulati:  det^titnto  of  stipules,  ITI- 
Extirior:  as  applied  to  the  pain  of* 

hlosaom,  the  ramo  as  antaioi: 
Eztint :  the  outer  coui  of  a  poilcn-gTBin, 

Extm-oxillan/ :   out   of   tbe  axil,  99, 

Exlmrae :  turned  outwarda,  282. 

Facit* .-  tho  general  aspect. 

t'alcatf.  fohl/oi-m  ;  »eylhc-sluq>ed  [  I. 

and  curved,  tbe  tilgcs  pamlltL 
Families,  359. 

Fan-ttiaped:  see  Fbbelljfonn. 
Farina  :  starch,  54. 
Farinaeroiu;  mealy;  containing  tt 
FdriHOte:  covered  with  mcalT  powdtdijfl 
FtiaaaU:  banded;  applied abo to MtilJ 

alrous  stems  which  grow  fl 
Faadatinn  -  ttic  singular 

Sansion  of  stems,  &i 
en  Cock's-comh.  ■  . 

Edscidc :  a  close  cyma  or  clttrtor  tt 
flowcn,  ai9 ;  a  butidle  of  Imvet 
crowded  like   those   of  tlic  Lwvfa, 


5S 


ik.  ^" 


fig.  21 


growing  in  tofts  or  clwl«ti, 
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Fascicuhte:  in  small  tnf^s. 
FasUgiate :  close,  parallel,  and  upright. 
Faux  {p\,  fauces)  :  the  gorge  or  throat. 
Fdctolate,  favose :    with  deep  pits,  like 

honeycomb. 
Feather-veined:   having  veins  all  pro- 
ceeding from  a  midrib,  155. 
Feathery :  see  plumose. 
Fe'cxda:   starch,  54. 
FenuUe  flower :  see  Fertile  flower. 
Fenestrate:  pierced  with  one  or  more 

holes,  like  windows. 
Ferrugineous  or  ferruginous :  of  the  color 

of  iron-rust. 
Fertile:    capable    of   producing    fruit. 

Stamens  arc  also  said  to  l^  feiiile 

when  their  anthers  contain  good 

pollen. 
Fertue    flower:    one     having    pistils, 

261. 
Fertilization,  300. 
/7/;r^41. 
Fibril:  a  delicate  flbre-liko  body;  the 

root-hairs,  81. 
fXbrilliform  tissue,  48. 
Fibrillose :   bearing  fibrils  :    diminutive 

of  fibrous. 
Fibrine,  198. 
Fibrous  or  fihroie :  composed  of  slender 

threads  or  fibres. 
FTbro-txiscular  tissue  or  system,  50. 
Fiddle-shaped:  obovate  and  contracted 

on  each  side. 
Fip,  215,  475,  and  fig.  590-592. 
Filament :  the  stalk  of  an  anther,  223, 

281.    Or  any  slender  thread. 
Filamentous,  or  fllamentose :  composed 

of  threads  or  filaments. 
Filiccs  (Ferns),  500. 
Filicdogy :  the  part  of  Botany  which 

treats  of  Ferns. 
Fxliform :  shaped  like  a  thread ;  slender 

and  terete,  166. 
Fdipe'ndulous :  hanging  from  a  thread, 

as  the  tuberous  roots  of  Spir»a  fili- 

pcndula. 
Fimbriate :  fringed ;  bordered  by  slen- 
der processes  or  appendages. 
Fimbrillate  or  flmbrilliferous :     diminu- 
tive of  the  last. 
Fingered :  sec  Digitate. 
FissifHirous  :   propagating  by  division 

into  two  portions. 
Fistular  or  Fistulose:  hollow  through 

its  length,  as  the  leaves  of  Onion. 
Fldhellate^  or  flaMUform  :  fan-shaped  ; 

broadly    wedge-shaped    with    the 

summit  rounded. 
Flacourtiaccse,  392. 
Flagellate :  hearing  flagella,  i.  e.  runners, 

like  those  of  the  Strawberry. 
Flag€lliform :  long,  taper,  and  supple, 

45  • 


like  the  thong  of  a  whip  ;  runner- 
like. 

Flavescent :  yellowish  or  pale  yellow. 

Flavous:  yellow. 

Flax,  402. 

Fleshy :  succulent,  or  of  the  consistence 
of  flesh,  84. 

Fl^xuose,  oxflexuous :  zigzag ;  bent  alter- 
nately mwards  and  outwards. 

Floating:  growing  on  the  surface  of 
water.  ^ 

Floccose:  bearing  or  clothed  with  locks 
of  soft  hairs  or  wool. 

Flora  (the  goddess  of  flowers) :  the  ag- 
gregate of  the  species  of  plants  of  a 
country ;  or  a  work  systematically 
describing  them. 

Floral :  belonging  to  the  flower. 

Floral  envelopes :  flower-leaves,  222,  268 

Florescence:  same  as  anthesis. 

Floret:  a  small  flower,  or  a  separate 
blossom  of  a  so-called  compound 
flower. 

FloridcflB,  509. 

Florifcrous:  flower-bearing. 

Fldsculous:  composed  of  or  bearing^/fos- 
culi,  i.  e.  florets;  or  composed  of 
tubular  flowers  only. 

Flower,  70,  221. 

Floioer-bud,  209,  224. 

flowering,  204. 

Flowering  Plants,  69,  369,  375. 

Flowerless  Plants,  69,  330,  499. 

Fluitant :  floating  on  water. 

Huvi(Uile :  belonging  to  flowing  water. 

Fly-traps,  168. 

Foliaceous :  leaf-like,  i.  e.  thin,  membra- 
naceous and  green;  or  bearing 
leaves. 

Foliar:  belonging  to  leaves  (folia). 

Foliation :  leafing  out. 

Foliate :  clothed  with  leaves  ;  or,  with  a 
numeral  prefix,  denotin{i^  tlie  num- 
ber of  leaves  ;  as,  bifoliate,  two- 
leaved  :  trifoliate,  three-leaved,  &c, 

Fdliolate:  consisting  of  leaflets  (fo- 
liola) ;  as,  bifoliate,  a  leaf  havmg 
two  leaflets,  or  tnfiliolate,  having 
three  leaflets,  &c. 

Fdliose :  bearing  numerous  leaves. 

Follicle:  a  simple  pod  opening  down 
one  side  ;  315,  flg.  579. 

FoUicidar,  of  the  nature  of  a  follicle. 

Fordmen :  an  aperture  or  orifice,  298. 

Foraminulose :  pierced  with  small  holes. 

Fdrcipate :  forked  like  a  pair  of  pincers. 

Forked:  branching  into  two  or  more 
divisions. 

Fornicate :  arched  over,  bearing  a 

Fornix,  \t\.  fdmices :  little  arched  scales 
in  the  throat  of  a  corolla,  as  in 
that  of  Ilound's-tongue. 
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fViwte.-  pitted,  harine/oiwre  or  dpprcs- 

lions  ofttiD  surfncG. 
PSitolale :  morkcd  wilh  litllo  pita  or  ao- 

Tinssions  (/«-ea!a:). 
FoBulit:  minittc  pamclcs  jn  tho  fluid 

contained  in  pollon,  as6. 
F\tt!  acparato  I  not   unitci!  with  dis- 

gimilnr  parti,  3S0. 
Fringtd  i  mc  Fimbriate. 
f)mid:   the  (bliaco   or   Fcras   (500), 

Livcrworta  (KM),  &c.,  GJ. 
/Vow/cKflia!  ■■  the  net  of  lending. 
f\vtidoie:  Icnfy,  or  more  commonlj;  it 

now  nieana  fronil-like,  or  praduf  ing 

a/rend  inaieod  of  onlinary  foliage, 

S04. 
fmct/^mftDH :  fraiiing,  or  (lie  fruit  and 

wliaC  aticndii  U. 
Fhiciifiatlitm,  on/anj  o/*.-   tho  Btamcns 

and  pistils. 
.^Tfi!!,  308. 

fhiit-dats,  of  Ferns,  .Wl. 
FhimmUKeoaa :  prodndng  elarrli,  or  re- 
lating to  com  {frtimairum). 
Fnittuloae :  consiating  of  small  portions 

or  Fragments, 
Fnlaanl :  becoming  shrubby. 
Fndtaitase :  t-crv  Email  and  slirubbj. 
Friticaic :  shmGbj  ;  relating  to  u 
FnUex ,-  a  shrub, 
Fucoceie,  509. 
i\ii/iKioiis :  falling  off  or  perishing  TCtj 

early,  as  iho  col^x  of  tlio  I  oppy, 

and  the  corolla  of  Cistus ;  172. 
Fuicraii:  belongiiigtoorfnmishcdwith 

/u/<T3  (props),  i.  0.  with  nppend- 

ogcH  such  lu  i«adrib,  prickles,  siip- 

uk-a,  &c. 
FuUginous,  m  Migiiuae!  Booty;   darV 

and  dwp  brown. 
F\dv<Ka !  tawny ;  oisage-yellow  mixed 

Tvitli  gray. 
Fomnriaccx,  3B9. 
FuudaiiieiUtU  organt,  70. 
Fungi,  607. 

Fungi/min!  mnshrooin-chaped. 
Fungillf/anH !  diminaCiro  oftho  ImC. 
PimgoM :  spongy  in  testiiro.    ■ 
Fuaicidai :  tlio  socd-slalt,  397,  321 . 
Fiumd-iAapal,  Jimnd-forni :   SCO  InfaQ- 

dibuhform.  a77. 
Fitrcatt!  forked,  the  forks  Bprcadiog. 
Fvr/vnaeoui:  senrfy. 
Fmnatd:  KoSuleate. 
Fmceai :  gTBTish-brown. 
Ftltlfom:  iplndlo^bap-d  ;  84,  Hg.  13S. 
Fustic,  479. 


Galia:  a  helmet;  an  arehrf  sepal  or 

petal,  S78,  flg.  4.'i8. 
Gdiralt :  bating)  or  shaped  like,  a  bel- 


Gdimpiyltota :    composed    trf 

united  by  riieir  eitgcs,  STS. 
Gamopaaloat :  composed  of  ui 

tals,  349,  S75. 
Gamoifpaiovs :  of  nniled  lepols,  Ml 
Gelatinous  coils  in  celts,  40. 
Gtnitatit :  in  pairs. 
Gtmma :  a  bud  or  grO" 
Gemmatioa:  budding  gruwlli, 
Gtmvade:  n  young  bad;  Ibc 
Genera  :  pluml  of  i?aiiis. 
Geaeral:  the  opiKtaitc  of  partial ;  •••l^ 
Gaieral  iiipolucre  of  a  compooud  1HF9 

bcl,  it,  aifl;  ■ 

Gtntric  :  relating  to  the  genus. 
Geniculate:  beni  abruptly  like  a 
Qtntinnaecce,  4S6. 
Genlianinc  (Gentian),  457. 

Gcogmphicnl  Botany :  the  study  of 
planti  in  respect  to  their  geognpfa- 
icaldistiibutuni. 

GcrnnMcen,  403, 

Germ  :  the  eye  of  a  bud ;  or  any  grow- 
ing point ;  or  nn  cmbrvo,  323. 

Germen :  on  old  luima  for  tlic  0^017. 

Gmniaal  veticU,  30C. 

Gtrminalion :  growth  of  the  anbi7« 
from  the  teed,  71,328. 

GtroalogtBDiu :    belonging    to  llw  OH 


World. 


r  gfJ^K 


ft  calyx, 
'   Bwollen  or  a 


largcment,  or  gibbwtly 
. .  .on one  side  oni calyx, 

fruit,  & 
GSihtme  or 

Gffls  of^'ungi,  500. 

Ginger,  490. 

Ginseng,  428.  ' 

Glabroia :  smootb,  i.  0.  dcstitnlc  of  h•i^ 


Glahrale  ;  Smoothed,  0 
ly  glfthrona. 

GMiaie:  snord-shaped. 

Glatidi!  any  aeerciing  apparMdi,  SLV 
The  name  ia  also  cireD  to>nyp(»'l 
jection  or  apjicndage  tbc  tMRM'^ 
and  function  of  which  is  not  oM-  . 
ona,  Sfl4.  Glans  ii  also  the  cUni- 
chI  name  of  an  Hcom  and  chealoul- 


Glandatar  kairi,  S9. 
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Glandular  vnody  tissue,  43. 

Glareose:  fp!t>win^  in  grovellj  places. 

GlaucescaU :  vcrginj::  upon  or  slightlj 

Glaucous :  corered  with  a  whitish  bloom, 
which  rubs  oft",  as  the  surface  of  a 
cabbagc-lcaf  or  a  plum,  or  so 
whitened  as  to  appear  to  have  a 
bl(k>m,  56. 

Globose :  spherical  or  nearljr  so. 

Globular:  nearly  globose  or  spheri- 
cal. 

Glochidnm,  or  glochidiate  :  barbed ; 
hooked  back  at  the  point,  like  the 
barb  of  a  fish-hook,  or  with  two  or 
more  such  barbs  at  the  point 

Glomerate :  clustered  into  a 

GUfmerule :  a  capitate  cj'me,  i.  e.  a  cyme 
condensed  into  a  head,  219. 

Glonolotjy:  the  department  of  Botany 
which  explains  the  technical  terms 
of  the  science,  1 5. 

Glumaceous:  bearing,  or  resembling 
glumes. 

Glume:  one  of^the  husks  or  chaff  of 
Grasses,  &c.,  497. 

Glumelie :  an  inner  glume  or  palea. 

Gluten,  197.  , 

Glutine,  198. 

GiSnophore :  a  stalk  elevating  both  sta- 
mens and  pistil,  267. 

Gooseberry,  421. 

Gossypine:  cottony. 

Gourd  (a  pcpo),  423. 

Grafting.  100. 

Grain,  314. 

Graminete,  497. 

Granadilla,  422. 

Granular :  composed  of  grains  or  gran- 
ules. 

Granulate:  composed  of  littlo  kernels 
or  coarse  grains. 

Granules :  any  minute  particles. 

Grape,  408. 

Green  layer  of  the  bark,  121. 

Grossulacese,  420. 

Grumous,  or  grumose:  consisting  of 
clustered  grains. 

Guaiacum,  405. 

Guava,418. 

Gum  Animi,  400.  Gum  Arabic,  414. 
Gum  Elemi,  407.  Gum  Traga- 
canth  and  Senegal,  414. 

Gutta-percha,  57. 

Guttate :  sprinkled  with  colored  dots  or 
small  spots. 

Guttifcrae,  400. 

Gymnocdrpous :  naked-fruited. 

G>'mnospcrmia,  315. 

Gymnospifrmous :  naked-seeded,  296. 

Gymnospcrms,  or  G^-mnospermons 
Plants,  297,  371,47*9. 

Gyndbcium :  the  pistils  of  a  flower,  223. 


Gynandria,  513 

Gyndndrous :  stamens  borne  on  tlie  pis- 
til, especially  on  the  style;  253, 
281,  fig.  468. 

Gjnobase :  the  base  of  a  style,  or  sum- 
mit of  a  receptacle,  on  or  around 
which  two  or  more  carpels  are  in- 
serted, as  in  Rue,  Sage,  Geranium, 
&c.,  267. 

G^nophore:  the  stalk  of  a  pistil,  267. 

Chorale  or  gyrose :  bent  round-,  or  bent 
back  and  forth. 

Habit  (Habitus) :  the  general  aspect  of 

a  plant. 
Habitat:  the  habitation,  or  situation  in 

which  a  plant  is  naturally  found. 
Hackberry,  474. 
Ilffimatinc,  414. 
Hsemodoraccsc,  492. 
Hairs f  52. 
Hairy:    clothed  or  beset  with  hairs, 

which  are  separately  distinguish- 
able. 
Halberd-shaped,  or  Halberd-headed:  see 

Hastate. 
HaloragesB,  420. 
Halved:  see  Dimidiate ;  appearing  as  if 

one  half  was  absent. 
Hamamclaceip,  425. 
Hamate,  or  hamose :  hooked. 
Hdmulose :  diminutive  of  hamate. 
Hastate:  halbcrd-hcaded ;  shaped  like 

a  halberd,  viz.  with  a  spreading 

lobe  at  the  base  on  each  side ;  157, 

fig.  250. 
Hazel-nut,  476. 
Head:     see     Capitnlnm ;     213,    fig. 

320,  &c. 
Headed:  same  as  capitate. 
Heart-shaped :  see  Cordate. 
Heart-uvod,  35,  124,  126. 
Hebetate:  blunted,  having  a  soft  obtuse 

point. 
Hdicoid :   coiled  into  a  helix  or  snail- 
shell,  or  tending  to  be  rolled  up ; 

as  in  Fig.  332. 
Helmet:  see  Galea,  278. 
Helobious :  living  in  marshes. 
H^volous:   grayish-yellow  mixed  with 

some  red. 
Hemi-  in  Greek  derivatives :  halved  or 

half;  as 
Hemi-andtropous :  half-anatropons. 
H^micarp :  a  half-fruit  of  UmbellifersB ; 

same  as  mericarp. 
Hemitropal,  or  hemOropous:  neariy  Uie 

same  as  amphitropous. 
Hemp,  475. 
Hepaticse,  503. 
Hepta :  the  Greek  numeral  seven,  used 

in  the  following  compounds. 
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Hepliliigmua !  having  EOvea  pistils   or 

BtvlCl. 

Beptihiicmas !  ihe  pons  in  sereoi. 
Hc|)tnndriii,  St!. 

BiTittliidrom !  wilh  Mrcs  stamens,  380. 
Htpiap^ialaua:  of  eeri-n  pcttik,  376. 
.    Htrb,  101. 

Hirbaerous :  not  woody  ;  ofasoftlcKt 

ura  like  en  herb.  101,  102. 
Haiarium :  iho  boOiiiisl'a  colisciion  of 

dried  SMtrinnns  of  pIhdu,  518. 
Henadphroaite :  biuxual.  2GI. 
Hesprridiian :  u  [Imi'riudcd  benj  lilLe 

nuoraiigo,  311. 
Htlero;  in  Greek  derivatives :  unlike ;  as 
HtUr'xdrpBia:  having  two  kinds  nf  fruit. 
Bdmeiphabxa !  beorin);  two  kiods  of 

hciuls ;  Bs  in  Bacuharis. 
HAmdr^iHOHS,  140. 
HtterOgamoia:   boaring   two   sons   of 

floirerB,  436. 
Baerogenaaa :  of  two  or  more  kinds. 
HtlenXropota,  or  heUmlropal,  ovule  or 

soud :  HLina  as  amphitropous,  300. 
Heia-,  la  Greob  derivatives ;  six. 
Hexag^'nia,  515. 
Htx^ynout:    having    lix    pistils    or 

Blyles. 
HeiOmavat  i  the  ports  in  sixes,  334. 
Hexsudria,  SIS. 

Hwlndroat  i  witli  six  stamcna,  379. 
x-pctallcd,  276. 
lu.-  six-loBVcd,  S7S. 
iierapitima !  lix-wingcd. 
Beau^a»i:  with  six  lepals,  STS. 
ffexailAiiimaai :  having  six  stamung. 
Hickory-lint,  476. 
Bidden-Ptiaed  .•  where  tlic  veins  arc  not 

visible,  as  thoGc  of  tbo  leaves  of 

Finks  and  Housclecke. 
Bilar:  relating  to  the  liilnm. 
Bilum:  the  Ecar,  or  point  of  attachment 

oflheieed,  397,  331. 
Hippocoiitauacen,    or  HippocostonetE, 

410. 
WppocfffafoTm:  hortcuhoe-aliaped. 
Bimitc:  clothed  with  coantc  hairs. 
Bitpid :  beset  witli  eliff  brisllj  haiR. 
Zbarv:    gmyish-wlute  (ram  a  fine  pu- 

HomBBiirpoai !  hearing  fruits  all  of  ouc 


rucnrtiaus.- 

kind. 

Boiaodiitmoiu,  or  hoiaiidromal,  1 40. 
UaatHganaia :  when  nil  llic  flowen  of  l 

head,  &e.  are  alike.  436. 
Bonwgtneaut .-  all  of  the  name  itaturo  oi 


Homalogoui .-  of  tllfl  E 

of  parts  whieh  are  oi  i[io 
morphological  nature;  e. g.  1i 
eepuls,  pcltUs,  stami^ns,  and 


IIomola^He :  an  homologous  pan. 

Bptiutinallona  ( leaves,  &e.  ] :  originalii^ 
all  round  an  oigan,  but  dirccMd  ar 
curved  round  to  one  side  oriL 

namotudrphoia .-  of  one  form. 

Bomdlwpoiis,  or  hoiHalrnpal  (en 
curved  in  Uic  same  inj  as  the  M 
as  in  the  Chickweed,  Sg.  Gil. 

Honiy:  tea  Corneous. 

ITorisiataf  ijatcm,  50,  112. 

Horiia  Siccuii  sams  as  herhariam. 

Iluckloben;,  439. 

Ilami/iae:  sprcadincflatonlhogi 

Humus,  Buniic  odd,  S7. 

Walint !  tran«parent,  or  j>»nlj  *o. 

ngbrid:  a  cross-hiced  bciweea  iadiifj 

uals  of  two  species,  357. 
Hydrangicie,  4SS. 
llydrodincidaeeie,  4S7. 
Hydroleocca,  orHydrolen,  4SS. 
HydrophylloceB,  431. 
IlydroJAi/lt :  a  water-plant. 
IlyilropteridoB,  502. 
lliiemtd:  belonging  to  winter. 
liijiafaiiaa :  the  gi]&  of  Mushroomf ,  A 

S07. 
Hvniennphylleie,  501. 
If/pdnlhiam .-  a.  naked  fleshj  n 

like  a  fig. 
HypcricaeeiB,  354. 

i^/w-,  in  Greek  derivatives ;  _ 

ll)pochl!iaBi :  tlia  under  pan  of  tjiafl 

of  Orchids,  when  iomtodor— *^ 

wiiio  dlitinguinhnble. 
Haptxnatrijom,  or,  more  properly, 
II^IiocTtiUnmiirpliimt :     Gulvrr.«hBped  ; 

i.  o.  with  a  limb  spruading  flat  at 

riKht  angles  to  the  tuba;  377,  fig. 

457. 


Bypopicoi 


or  hgposfraa    (flowen  v  , 
imiM; :  bonie  under  ground,  I* 
7B,  3£S. 

Ifi/pikjgnoii! :  growing  under  tho  p 
anillTCC,  250,2flS,  sea 

HgpQIihgltDVs :  growing  on  the  lowir 
side  of  a  leaf. 

IIi/aeraBlhouii :  plants  whose  Icavei  ap- 
pear Inter  than  the  blossoms,  as 
the  lied  Maple. 

Hi/akroplii/ial :  livingonatnotnx 
of  diiod  or  living  owntiie  mi 

HgtUrapliyUi  ■■  tame  as  Fungi,  I 

lon;  in  Greek  compounds :  twentjr. 
Icosondria,  S13. 

Icosdadrom :  Iiuring  30  stamcna  ormai 
insoTted  on  the  calyx,  380. 

Illceebreo),  39B. 
Imbibition,  177. 
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Imbricate^  imhricated,  {mhricative:  over- 
lapping, the  outer  covering  the  in- 
ner, and  breaking  joints,  like  tiles 
on  a  roof,  144,  269. 

Immarghmie :  not  margined. 

Immersed:  growing  wholly  under  water. 

Impari-pinnate :  pinnate  with  an  odd 
leaflet;  163,  fig.  288. 

Imperfect  flowers:  wanting  either  sta- 
mens or  pistils. 

Impregnation :  same  as  fertilization. 

Inane:  empty. 

Incanous:  hoary-whito. 

Incised:  cut  irregularly  and  sharply; 
159,  fig.  259. 

Included:  not  projecting  beyond;  en- 
closed. 

Incomplete  flower:  wanting  some  one  or 
moi^  kinds  of  organs,  259. 

Incrassated:  thickened. 

Incrustations  in  cells,  58. 

Vncubous :  the  apex  of  each  leaf  lying 
over  the  base  of  the  next,  as  in 
many  Hepaticse. 

Incumbent :  leaning  or  lying  upon : 
said  of  the  cotyledons  when  the 
radicle  lays  against  the  back  of  one 
of  them,  390,  326,  fig.  705 ;  or 
when  the  anther  lies  on  the  inner 
side  of  the  filament,  282. 

Incurved:  bent  or  curved  inwards. 

Indefinite:  either  uncertaiu  in  num- 
ber, or  too  many  to  be  readily 
counted,  242. 

Indefinite  (p'owth,  100. 

hidefinite  inflorescence,  210. 

Indehiscent  (fruits) :  not  opening,  at 
least  not  in  a  regular  way,  310, 313. 

Indeterminate  inflorescence ,  210. 

India-rubber,  57. 

Indigenous :  of  spontaneous  and  original 
growth  in  a  country. 

Indigo,  414,  415. 

Individual,  20,  131,352. 

Individuality,  132, 352. 

Indumentum:  any  hairiness  or  downy 
covering. 

Indiiplicate:  bent  or  folded  inwards, 
145,  273. 

Indusium:  the  proper  covering  of  the 
fruit-dots  of  Ferns ;  any  peculiar 
membninous  covering,  501. 

Inequilateral:  unequal-sided. 

Inferior:  underneath,  252;  or  same  as 
anterior :  thus  the  inferior  petal, 
&c.  is  the  same  as  the  anterior  one, 
237. 

Inflated:  bladdery. 

Inflexed:  abruptly  bent  inwards. 

Inflorescence,  209. 

Infra-axillary:  originating  below  the 
axiL 


Infundibular,  infund(buliform :  fannel- 
shaped ;  i.  e.  a  tube  enlarging  up- 
wards ;  277,  fig.  1049. 

Innate :  borne  dutictly  on  the  apex  of  a 
thing,  282. 

Innovations :  new  shoots  or  new  growths. 

Inorganic:  unorganized. 

Inorganic  constituentSf^ll9, 

Inoscidating :  opening  into  each  other; 
anastomosing,  49. 

Inserted:  attached  to,  224,  250. 

Insertion :  the  place  or  the  mode  of  junc- 
tion of  leaves  with  the  stem,  &a, 
133. 

Inter-f  in  composition :  between  ;  as 

Intercellular :  oetwecn  the  cells. 

Intcrcdlular  spaces  or  passages,  24,  50. 

Intercdlular  system,  50. 

Interlaced  tissue,  48. 

Internal  glands,  51. 

IntemodeSf  92. 

Interpaiolar :  between  the  petioles,  171. 

Interruptedly  pinnate,  164,  ng.  285. 

Intine :  the  inner  coat  of  a  pollen-grain. 

Intrafdiaceous :  within  or  before  a  leaf, 
171,  as  the  stipules  in  fig.  305. 

Introflexed:  bent  strongly  inwards. 

Intrdrse:  turned  inwards  towards  tho 
axis,  282. 

Intruse :  appearing  as  if  pushed  inwards 
or  indented. 

Inverse:  inverted;  suspended. 

Involuc^late:  furnished  with  an 

Invcluc^lum,  or  involucel:  a  secondary 
or  partial  involucre,  216. 

Involucrate:  provided  with  an 

InvolUcrum,  or  involucre:  an  outer  or 
accessory  covering ;  a  set  of  bracts 
surrounding  a  flower-cluster ;  214, 
fig.  321,  &c. 

Involute:  rolled  inwards,  144,  273. 

I[>ccacuanha,  393,  433. 

Iridaceffi,  490. 

Irreg\dar :  unequal  in  size  or  in  shape, 
253,  277. 

Irregularity,  253. 

Irritability,  345. 

Isdrhrous:  onc-colorcd. 

Isol'tincffi,  502. 

Isdmerous,  or  isomeric :  the  parts  equal  in 
numt>er. 

host^nionous :  the  stamens  as  many  as 
the  petals  or  sepals. 

Jalap,  455. 

Jasminaccic,  459. 

Jelly,  55,  310. 

Jointed:  scjmrato  or  separable  trans- 
versely into  pieces  (joints),  92. 

Jtdta :  a  loose  panicle,  as  of  Grai^scs. 

Juga :  the  ridges  of  the  fruit  of  Umbel- 
liferai,  426. 


Juja:  the  pain  of  partial  petioles  or 
IcHllets  of  a  piDnatdy-coDipoiiiid 
leaf,  164. 

Jnc^landarcm,  4'6. 

Jujube,  40S. 

Jutta;  a  name  for  a  catkiti. 

Julaceoia :  EhajiGd  like  Or  rcEcmbliDg  a 
catkin. 

JaDcoccro,  495. 

Saara^rin^jB,  487. 

Jan^rnisnniacciE,  SO.*!. 

Janipcr-berriei,  480. 

Jntc,  400. 

Kad:  see  Carina,  S54. 
Kededi  furnishvd  witli  a  keel 

ridge  underneath. 
Kemdofaii  ovnle,  297,  or  fleed,  322. 
Ktp-fTuil,  314. 
Kidnevshaird:  Be«  Hcnifonn ;  1ST,  fig. 

145. 
Ein;;doni.36S,  15. 
Kinte  acid,  433. 

KiM !  Bee  Node,  93. 
SJioUBf.-acjHndrieal  body  swollen  inlo 

knobs  at  intervals. 
Enuneriaceie,  412. 

Dib^nm :  (lie  lip,  or  lower  petal  of  an 
Orcliideooii  flower. 

Labiats,  4  SO. 

LMialt:  two-lipped,  378. 

LAbialiHorn,  436. 

Lnc,  475. 

Lacbuatt :  slashed ;  cut  Into  aarrow  in- 
dsiona ;  these  ore  called  Incinia, 

jMclacait :  vielilinK  milk^v  jiiiee. 

£<fcuHose :  full  of  depressions  or  exca- 
vations [laaina:). 

LaeilMlriHe:  belonging  to  lakes. 

Lodanum,  394. 

Lfevigale:  smooth  as  if  polished. 

La^Aiform:  shaped  like  a  rioreoce 
flask  {Uijaia]. 

Lalo,  399. 

Lam^lin:  ihin  plates,  like  the  gills  of  an 
Agorie,  SOT,  &c. 
*   " ''     "  ■      "  mposed  of  flat 


Ldiatlliir,mldiaellale: 


petal.  &c  145,  L_ 
Lamtte,  Iohok:  woollj;  i.  b.  clothed 

vith  soft  interlHcc'd  hairs. 
Ldncajati:  lance-shaped ;  flff.  239. 
Laaiiginom:  eottony  or  woolly. 
Lalait  bmli.  167. 
Laltral:  belonging,  oratlnchoil  to,  the 

sides  of  an  organ. 
Lattx;  milky  or  proper  jnice,  49. 
Lalieifiroai  luMe  or  itisHi.  49. 
Launieea:,  or  Lunrineje,  4G6. 


Kax:  loose;   the  opposite  of  clowil 

LagrriiKi,  lOS. 

Lia/,  133. 

LmfaTTangemml  (phyllotoxis),  133. 

Laif-bud,  7a,  S3. 

Leaf-i)reen,  SB. 

Lcoj(tl :  a  separate  jiicee  or  panJol  blade 

of  a  compound  leaf,  163. 
Leaf-Oalt,  145,170. 
Leaf-Kan,  94. 
Kfolhrry ;  Bee  Foliaceons. 
/>^ifle:  a  fruit  like  a  Pea-pod,  31S. 
limine,  198. 

Iieguininus»(I>guminousFlanCs)j 
LegaminBta:  relating  to  legumes. 
Lemnaces,  486. 
Ticmon,  401. 
LoutibulaccB,  44S. 
LenlkeU:  little  spots  on  IheboriL,* 

Ijmtkttlar;  lenB-shaped;  ilonblc-c<nii 
Loiliainme !  freckled,  or  dnsty-dotted. 
tifpiaa .'  iicrile  transTurmcd  stamens. 
Lqiidote :  leprons ;  bmIj  or  ecnrfy,  SS. 
Ij^uanithoui :  white-floweicil. 
Liber :  the  inner  flbroas  bark,  ISO,  lU. 
Lid:  see  0]iercnlum.  SO' 
Liclicncs  (Lichens),  505. 
Lichfuilan :  the  part  of  Botany  dei 

to  Lichens. 
Licorice,  414. 

fUifiiami!  woody  in  texture 
Ligninc,  36, 19S. 
Lignam-vji«e,  4U5, 

Ligulale:  strap-shaped,  S35:  Iwi{nstfL|j 
Lii/ale:  a  strap-sliaped  eonillB,  S59,pb 

one   j_.i. J — V — ■eeo  tfi» 


1  blade 

i 

itted.~^^| 
r.SS. 

I,  m. 


Ltuntl'tloriB,  436. 

LiguliJIoToua :  when  a  head  consiBt*  of 

lignlalo  Uowera  only,  as  Cichoiy, 

fig,  323. 


Lilini 


!,  493. 


lily-IItc,  276. 
Limb  (tiinbus,  a  border) ;    the  expandnl 

eor  border  of  n  corolla,  ealvx, 
or  the  laminn  or  blade  of  a 
pct^,  &c,  145,376, 
Liabalt:  bordered. 
Ijmc,  401 . 
Limnanthaeete,  401. 

Line:  the  twelfth  of  an  inch.    (In  deci- 
mal measom,  the  tenth  of  nn  inch.) 

Linear:  narrow  and  ranch  longer  tl  " 
brood,  the  two  margins 
fig,  S40. 

Lfaeale .-  marked  with  lines. 

LOtrolaia :  marked  wilh  Gna  or  obM 
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Liwfuifarm^  or  Ungulate:  tongne-shapod, 

as  the  leaves  of  Hound's-tongue. 
Up:    tho  two  lobes  a  bilabiate  calyx 

or  corolla ;  the  lower  petal  of  an 

Orchidcoas  plant. 
Littoral f  or  Utoral:  growing  on  shores. 
Livid :  pale  lead-color. 
Loasaces,  421. 
Lobe :  any  division  or  projecting  port 

of  an  organ,  especially  a  rounded 

one,  275. 
Lobedf  lobate :   divided  into  lobes;  fig. 

260,  264. 
LobeliaceiB,  438. 

Ldbidaie :  Rearing  small  lobes  {Idbuli), 
Ldcellaie:  having  secondary  cells   (or 

loceili). 
Loc^us   (plnral,  loceili) :  a  secondary 

cell,  or  a  division  of  a  cell. 
LdcuIamenL,  316  ;  same  as  loculiu. 
Ldcutar :  having  cells. 
Loculicklal^    or    locuiicftle :    dehiscence 

opening  directly  into  tho  back  of  a 

cell;  316,  fig.  583,  585. 
Ldculose :  partitioned  off  into  cells,  as 

the  pith  of  Poke,  &c. 
Ldculus  (plnral,  hcuii) :  tho  cells  of  an 

ovary,  anther,  &c. 
Loaista :  a  spikelet  or  flower-cluster  of 

Grasses. 
Lddicules  {lodicuJa) :  the  rainnto  scales 

inside  of  the  paleae  of  Grasses,  497. 
Loganiaccas,  433. 
Logwood,  414. 
Loment:  a  jointed  legume;    315,  fig. 

581. 
Lomentaceous :  bearing  or  resembling  a 

loment. 
Longitudiiwil  tissue  or  system,  45, 50, 112. 
Loniccreas,  431. 
LoranthaccDe,  469. 
Lorate:  thong-shapcd. 
Lucid:  shining. 

Lunate :  crescent  or  half-moon  shaped. 
Lunulate :  diminutive  of  tho  last. 
Lupuline :  waxy  grains  on  tho  scales 

of  Hops. 
Lurid:  dingy  brown. 
Lutexent :  yellowish.   ( Lxtteus  :  yellow). 
Lycopodiaccse,  501. 
lAfcdlropouSf  or  lyc6trojpal :  an  orthotro- 

pous  ovule  curved  into  a  horse- 
shoe form. 
Lyraie^  Itfreshaped,  161,  fig.  138,  278. 
Lyratdjf  pinnate,  164,  fig.  285. 
Lythraccse,  or  Lythariese,  418. 

Mace:  the  arillus  of  Nutmeg,  322,  383. 
Maculate :  spotted  or  blotched. 
Madder,  432. 
Bfaznoliaceas,  381. 
Mahogany,  401. 


Maize,  498. 

Male  flower,  261. 

Malpighiace®,  409. 

Maipiahiaceous  hairs:  hairs    fixed    by 

their  middle,  as  in  the  foregoing 

order,  in  Ck>mus,  &c. 
Malvaceie,  397. 
MdmillcUe,  or  mdmUlar:  bearing  little 

prominences  on  tho  surface. 
Mitnimatform :  teat-shaped. 
Mammee-apple,  400. 
Matnmose :  bearing  laiger  prominences, 

like  breasts. 
Mango,  406. 
Man^steen,  400. 
Manicate  (gloved):    covered    with    a 

woolly  coat  which  may  be  stripped 

off  whole. 
Manilla  hemp,  490. 
Manna,  460. 
Manij-cUft:  cut  as  far  as  the  middle 

mto  several  divisions,  159. 
Many-headed:  sec  Multicipital. 
Marantaces  :  see  Cannaceas. 
Marcescent:  gradually  withering  with- 
out falling  off,  279. 
Marchantiaceie,  504. 
Marginal :  belonging  to  the  margin. 
Marginate :  furnished  with  a  margin  of 

different  texture  or  color  from  the 

rest. 
Maritime :  belonging  to  tho  searshore. 
Markings  on  cells,  3,  6. 
Mannorate:  marbled. 
Marsiliacero,  502. 
Mas:   male,  masculine;  belonging  to 

the  stamens. 
Masked:  see  Personate,  278. 
Mealif :  see  Farinaceous. 
Medial:  belonging  to  tho  middle. 
Medulla:  pith,  118. 
Mifdullary  rays,  117,  119. 
Medullary  sheath,  119. 
Medullose,  or  medullary :  pith-like. 
Meiostimonous :  having  fewer  stamens 

than  petals. 
MelanospermeiB,  509. 
Melanthaceffi,  494. 
Melastomaccte,  418. 
Meliaccie,  401. 
Melon,  423. 
Membranaceous,  or  memhranous:  thin  and 

soft,  like  a  membrane. 
Meniscoid:  shaped  like  a  meniscus  or 

concavo-convex  lens. 
Menispermacese,  383. 
MenyanthidesB,  457. 
Mer^nchyma,  41. 

M^ricarp:  half  a  cremocarp,  426. 
Merismdtic :  dividing  into  parts,  28. 
M^rithaU :  a  name  for  an  intemode. 
MerauSf  in  Greek  compounds :  the  parts 
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of  a  flower ;  sco  Dimsrous,  Trimc- 

Tont,  &c. 
Ucscmbiyaiithcinaccs),  397. 
Mifaocarp  :  tho  middlci  Inycr  of  a  pni- 

CRrp,  310. 
JienwA/tfuni  .■  tho  middle  bark  or  gnco 

MaoMj/llim  !  tho  parenchjina  of  a  lenf 
IiclWQRil  tbo  Ekia  of  (1;e  Iwo  sur- 

Mdamorphoaid :  that  which  has  undep- 

iIttamoriiho*U :  tho  imiwformnlion  of 
one  oi^n  into  another  I lomologouK 

IFKrop^e;  the  orifice  of  a  locd,  298, 
Midnb:  the  centrat  or  main  rib,  15S 
MUtyjvice,  49. 
HimoMs,  413. 

Mineral  eiinitiMaitt  of  plants.  179. 
ilinialt!  rermil  ion-col  or. 
ilSrIJem:  mitie-ahoped,  S03. 
Molluginent,  395. 
Monadoiphla,  513. 

3foriaddpho«» :    with  filammta  united 
into  a  tubo,  or  ring ;  280,  fig.  462. 
Monandria,  51  a. 

iimdndraai :  with  n  single  Btamcn,  S79. 
WotiilBlhaui:  oae-flowcml. 
MoHiliform :   necklace-shnped  ;    cj-lin- 

drical  and  contracted  at  intervals. 
Ifonimiaccra,  382. 
Monkey-bread,  399. 
JHono-,  in   Greek  coniponnds:  ona  or 

single. 
AfoHOctlrpdlar^ :  of  one  carpel. 
Mottoalrpic,  or  jaonocdrpiau :  once-frait- 

ing,  101. 
MonBetpkaloia :  bcarinc  a  single  hcnd. 
Monafhlamjfdeeus  1  with  a  sin);li>  floral 

envelope  ;  i.  e.  anctnlaos,  S60. 
JfoHocllnoui:  hermaphrodite. 
MaBoeolylt^nma !  onc-colylodoned,  79, 

3!G. 
Monocotyledons  or  Monocotyledonous 

Plants,  113,  336,  370,  48». 
Monoicia,  513. 

SfoHircioia :  gtaraons  and  pistils  in  sep- 
arate Rowuts  on  the  Bame  individ- 

nat,  362. 
Monogamia,  51G. 
Monogynia,  515. 

J/ontfcjFjnoiu;  wiihonepiBliIorBtyle,2BT. 
JfontHcaiu  .'  lamo  as  moixecioas. 
MeniiHerauti    the  parts  of  the  Bower 

single,  234. 
MiMDpifialoiis !    one-petalled,  hat  it  i» 

used  for  gamopetaloua.  vix.  petals 

iDore  or  lesa  united  into  one  bodv, 

249.  275. 
Sfampivlloun  one-leaved,  of  one  iiiec'e, 

27S. 


ifondptfTntii!  onc'winged. 

MoBOpifitaoan  one-stoned. 
JfinKM^u/ous :  iba  calyx  of  one  p 


134. 

.1/diufifjbui .-  with  one  style. 
SIotMtropeic.  or  Itlanotropnre^E.  440. 
J/onsKr,  nmaiimu  (4.10) :  developed  in 

en  unnatural  manner. 
Morphine,  67. 
MorpMtpy,  14,  60,  as4. 
.Wrpioiti!  tho  manner  of  ilcvctopimnt. 
Ahiehale  •  exhaling  the  odor  of  muafc. 
Mootds,  SS. 
Miaiioge:  dissolved  vegetable  jelly,  or 

dextrine,  S5,  1 93.  . 
SriKilaginoia,  murosr,  or  mueoia :  slinn. 
Macro ;  a  short,  ^haiji  point.  ' 

Mikniiialt :  ahmplly  tipped  with  ft  M 

cro;  16S,fig.  276, 131. 
MacniiMlatt:  tij^iodwitha 

Mulbenr,  475. 
M<iU:  a  hybrid. 

Muliaagulw:  many-angled. 

Midli;  in  Latin  defivatiTeB;  il.  _ 

MiiUicbiilai  {miiltieep')  :  many-bt 
where  several  bads  or  ahooH  p 
cced  from  tlio  crown  of  m 

Mvltifarioiin  nuuiy^idoil. 

MiilltfiJ:  many-clelt,  ia9. 

Muhijidroati  raony-Qowcred. 


MullipU:  compound. 
Mulli/iit /null,  309,  aia. 
Mutittfrial:  in  eeveml  horiionmi  rMdn, 
MultiaeplaU:  many-partitioned. 
Miritate:  rough  with  short  nnd  h«rf 


Miirieulalt!  minutely  muricatc. 

Kluscardine,  508. 
MaKori/orm;  bmsh-shaped, 
Musd  (Mosses),  S02. 
.Urisci/onn.-  mOss-Iike. 
Maxolnjj!/;  the  dotuirtmcnt  of 

which  treats  of  Mosses. 
Mustard,  389. 

pointless;  blunt. 


I 


I,  WJ. 


Mgcrojigie!  £M  MictDpylc. 
Mjricaccn,  477. 
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Naiadaccs,  487. 

Naked  flowers :  same  as  achlamjdeons ; 
or  destitate  of  involucre,  &C. 

Naked  ovules  and  seeds,  296,  320. 

Names  of  species  and  genera,  363 ;  of 
orders,  tribes,  &c.,  373. 

A<f/)//brf}i;  turnip-shaped,  84. 

Nalant:  floating  under  water. 

Natural  system,  365,  366. 

Naturalized :  species  introduced,  but 
growing  completely  spontaneous, 
and  propagating  by  seed. 

Navicular:  boat-shaped. 

Nebulose:  clouded. 

Neck:  the  junction  of  root  and  stem. 

Neckiace-snaped :  see  Moniliform. 

Nectar :  the  honey  of  a  flower,  or  any 
sweetish  exudation. 

Nectary  (neclarium) :  a  place  or  thing 
in  which  nectar  is  secreted :  for- 
merly applied  also  to  any  anoma- 
lous part  or  appendage  of  a  flower, 
whether  known  to  secrete  honey  or 
not,  as  to  the  spur-shapcd  petals  of 
Aquilegia,  flg.  647,  or  the  two 
singular-shaped  petals  of  Aconi- 
turn,  257,  fig.  402,  404. 

Needle-shaped:  see  Aceroso. 

Nelnmbiaccae  (Nclumbo),  385. 

N^meous:  filamentose;  composed  of 
threads. 

Nervation :  the  arrangement  of  the 

Nerves:  parallel  and  simple  veins. 

Nerved:  nervate;  furnished  with  nerves, 
154. 

Nervose :  abounding  in  nerves. 

Netted:  same  as  reticulated. 

Nelted'veined,  154. 

Neurose :  same  as  nervose. 

Neutral :  without  sexes. 

Neutral  flowers :  having  neither  stamen 
nor  pistil,  263,  436. 

Neutral  auatemary  products,  196. 

New  Zealand  Hemp,  492. 

Nididant :  nestling  in. 

Nit  id  (nitidus) :   smooth  and  shining. 

Niveous:  snow-white. 

Nodding:  curved  so  that  the  apex 
hangs  down. 

Node  (knot) :  the  place  on  a  stem 
where  a  leaf  is  attached,  92. 

Nodose :  knotty ;  swollen  in  some  parts, 
contracted  at  others. 

Nddulose :  diminutive  of  the  last. 

Normal :  according  to  rule. 

Notate :  marked  by  spots  or  lines. 

Nolorhtzal:  the  radicle  bent  round  to 
the -bock  of  one  cotyledon ;  same 
as  incumbent. 

Nucuntentaceous :  nut-like. 

Nucelle :  same  as  nucleus. 

Niidform:  nut-like. 
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Nucleus:  the  kernel,  297,  320, 322. 

Nucleus  of  a  cell,  26. 

Nuculanium :  a  name  for  a  berry  like  a 
grape. 

NUcule:  a  diminutive  nut,  stone,  or 
kernel. 

Nuculose:  containing  nucules  or  nut- 
lets. 

Numerous :  same  as  indefinite. 

Nut,  314. 

Nutlet :  a  small  nut,  or  the  small  stono 
of  a  beny-like  drupe. 

Nutmeg,  383. 

Nutant:  nodding. 

Nutrixion,  61,  177. 

Nux-vomica,  434. 

Nyctaginaceai,  463. 

Nymphseacca:,  385. 

Oat,  498. 

Ob-  (over  against)  signifies  inversely ; 
as, 

Obcomprcssed :  flattened  fore  and  aft,  in- 
stead of  laterally. 

Obcdrdate:  heart-shaped  inverted ;  162, 
fig.  274,  233. 

OUdnoeoUite :  lance-shaped,  but  broader 
upwards. 

Oblique,  referring  to  shape,  unequal- 
sided,  165. 

Obliteration,  309. 

Oblong:  elliptical,  or  approaching  it, 
and  much  longer  tnan  wide ;  fig. 
242. 

Obdvate:  inversely  ovate ;  157,  fig.  232. 

Obtuse:  blunt;  the  apex  an  obtuse  an- 
gle; 162,  fig.  270,  236. 

Obverse :  same  as  o6. 

O^volute :  a  modification  of  convolute, 
145. 

Oc€llate :  eyed ;  a  circular  patch  of 
,     color  within  another  patch. 

Ochrea  (a  boot) :  a  tubular  stipule ; 
.      171,  fig.  305. 

Ochreate :  furnished  with  ochrcie. 

Ochroleucoiis :  ochrc-colored  (pale  dull 
yellow)  verging  to  white. 

Octo- :  eight ;  in  composition  in  such 
words  as  the  following. 

Octagynia,  515. 

Octdgynous :  with  eight  pistils  or  styles. 

Octdnierous :  the  parts  in  eights. 

Octandria,  512. 

Octdndrous :  with  eight  stamens. 

Odop^alous :  of  eight  petals,  276. 

O'culate :  eyed ;  same  as  ocellatc. 

Officinal  (tielonging  to  the  shop)  :  ap- 
plied to  pUnts,  &C.  used  in  medi- 
cine or  the  arts. 

Oflset,  102. 

Oilnut,  469. 

Oils,  56,  57. 


ir  fit  for, 


Okra,  39a. 

OleocciB,  459. 

(Heraetoai :  of  iha  natttro 
pol-herb& 

Ofijo-,  in  Greek  ilcriviiliv« 

Ottyaadeoui :  huving  fuiv  slameoa. 

Otigoap^rmeut :  few-ueilcd> 

Olive,  Olive-oil,  460. 

Oiingnu'cie,  419. 

Unc-cclled  plants,  GI. 

Oite-iided:  boo  Secund  and  Unilatcnil, 

OSphoridia :  Iho  larger  and  compounil 
Bporos  or  LycopodiacciE. 

Opai/at:  the  rcrerso  of  shinlne  ;  dull. 

(Ai^rculale:  famisLcd  Tiith  a  lid  or 

C^n-n/ufli.'  atid,  Buoh  H9  that  of  llic 
Bpora-caso  of  Moascs,  i02. 

OphiogloaseiE,  SOI . 

Opinm,  ass. 

O/iposili  {\envcs,&c.\:  opposed  loaller- 
naie,  tliat  is,  placed  over  igBtast 
each  other,  78,97,  I»3,  141.  A 
Blatncn,  &c.  is  said  to  bo  opposite 
a  petal,  when  it  ilands  beforo  it 
(34S|,  OS  in  Rg.  43b  and  670. 

Oppoiilifolloas:  oiipOfiito  ft  leaf,  aa  the 
teildrils  of  Vids,  At;-  767,  and  Iho 
lioiitnclvB  of  Phytulocra,  Rg.  108S. 

Orange,  401. 

QrUciJar:  circular  in  outline. 

OrohidaMiB,  488. 

Ordinal :  relating  to  orders. 

Organic  coistituentt,  179,  180. 

Oi^unLuitiun,  IT. 

Oiyandtrapli^,  14,  60. 

Orguwli.'cny  :  the  d6»elopment  or  for- 
mation of  organs,  368. 

Ortjaia,  18- 

Onjnnt  of  Repmdaellon,  70. 

On/iins  of  Vrgelalion,  68,  70,  S04. 

OrobanchiKGiB,  446. 

Orria-ioDl,  491. 

OriliopldceaHB  (emhiyo) :  witli  inmm- 
bcnt  and  conduplicHto  cotyleflons, 
an  in  Mustard. 

OrtJieiropoiii,  or  orlhdlTepa!  ovnh ;  SSS, 
Rg.  S36.  The  term  whou  applied 
to  the  embryo  is  ub«1  as  the  con- 
trary of  anillropoua,  1.  o.  having 
[he  rodiele  next  tlio  blluni,  ai  in 
an  anairopoua  seed. 

Oiage  Orange,  475. 

Osmundaccn,  or  Osmundinetn,  GOl. 

Oaioai!  of  the  teKiuro  of  bono. 

Ooari  Poison,  434. 

Oml:  broadly  elliptical ;  157,  fig.  239. 

d-an/  :  the  OTulo-bcaring  portion  of  a 

,     pistil,  SSS,  aB7. 

Ovale !  ecg-shaped,  or  like  the  longiln- 
dinal  section  of  an  c^,  fig.  241. 

Ovoid:  a  solid  urate  or  oval. 


diiulalu,    omil/d,    or  aadifinmt :    bMN 
,      ing  ovules. 

Oade:  an  nnimprcgnatcd  wed  orboly 
destined  to  become  a  seed.  223, 
297. 
OKolidaeece,  404. 


J.  fig- 4     . 
PdUa,  or  jmltt:   a  chaff;   one  of  dMt^ 
bract)  on  llie  ivccplade  of  C 
posluc,  215,  435 ;  one  of  (he  ill 
braeta  or  gliimea  orOraMes,  W,j\ 
PaU^coua  r  chalT-like,  or  bearing  d 
Patella  i  diminutive  of  palea;  on.  . 
the  minule  innermost  scale*  of  A 
flower    of   Grosses. 

Falniie  (Palms),  484. 

Pataatt ;  lobcd  or  divided  so  that  Aie 

sinosei  all  point  to  ilic  apcxoflbo 

Sctiolo,  either  moderatelv,  aa  in  a 
bl^leaf,  or  so  as  to  moke  t)M 
leaf  mm^und,  as  in  Horacchqt-  \ 
nut,  when  ic  is  the  snin 
161,183.164. 

■    ■  ■  J.  dc/J, .  ,        . 

plurifoliolote,  164. 
Pnlmalifa  ivinrd,  156. 
r.ilmrllijtil :  plmntcly  deft;  fig.  I_. 
Palmiiliaai :    palmulclj    divided ;  i 

267. 
f'a/Hi/oie,po?tu(ri'iK.-inbaMtitigin«ishafc 
Pandnnaci-'B,  485. 
Fdndurale,   Or  pundinjbnti :    taxat  U 

fiddlc-sha{ied. 
"     ■  '         nifcrae,  hranched  irrccolv- 


ly;  SI  6, 


:  airaagcd  ILM 


Pnpaverai'cit,  3S8. 

Pn]>nw,  3S.1,  412. 

Papnyaccce.  4!2. 

Paperfi  of  the  oonsistcncw  C 

FnpiliODan:ic,41S. 
Papilionacamt!  hntterfly-likfl,  SM. 
PdpilloK,  or  pUpillut* !  bearin      — 

soft  proJHTtions  (papilla, 

or  pimples), 
Pappote.m  pappffevv*:  hMriogk 
Pappia  (tbi^lliMlawti),  SGO,  314, 43S. 
Pap^ntaaa:  papery. 
I'ajiynis,  496. 
ParacoroUa;  an  appendage  or  dupllcsio 

of  a  corolla,   such  as   w-- 

called  a  nectary. 
Pamllrl-Btiitid  or  nervrd,  154. 
Poi'ifpt^sii :  jointed  tlireod-like  I „ 

accompanying    tb«    piKOlidte  -i 
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Parasitic  plants,  ov Parasites:  living  on 

the  juices  of  other  plants,  88. 
Parasttfmon :  same  as  Staminodium. 
Parenchyma:  soft  cellular  tissue,  41. 
Parietal :  attached  or  belonging  to  the 

walls,  292. 
Parietes :  walls  of  an  ovary,  &c. 
Paripinnate:  same  as  abruptly  pinnate, 

163. 
Pamassiacesp,  394. 
Parsnip,  426. 
Parted,  or  partite :  cut  almost  through ; 

160,  fig.  262,  266. 
Partial  peauncley  211. 
Partial  petiole^  164. 
Partial  umbel,  216. 
Parthenogenesis,  300,  340. 
Passifloraceas  (Passion-flowers),  422. 
Patelli/orm :  kneepan-shaped. 
Patent :  spreading  wide  open. 
Pdtuious :  moderately  spreading. 
Pauri-,  in  Latin  derivatives  ;  few ;  as 
Paucijldroiis:  few-flowered. 
Peach,  415. 
Pear,  416. 
Pear-shaped:    ovoid  at  tho  extremity, 

conical  at  Uie  base. 
Pectinate  :  pinnatifld  with  close-set  and 

equal  lobes,  like  the  teeUi  of  a  comb 

ipecten),  160. 
Pectine,  and  Pectic  acid,  55,  310. 
Pedate :  palmate,  with  the  lateral  lobes 

again  lobed  ;  appearing  like  a  bird's 

foot,  161,  fig.  249. 
Pedaleh:  in  a  pcdatc  mode. 
Pedicel:  the  stalk  of  a  i)articular  flower, 

211. 
Pedicellate,  pediceUed:   having  a  pedi- 
cel. 
Peduncle:    a  flower-stalk    in  geneml, 

either  of  one  blossom  or  a  whole 

cluster,  211. 
Peduticulatey  pedmtded :    having  a  pe- 
duncle. 
Pe/oria,  278. 
Peltate :  shield-form  or  target-shaped ; 

fixed  by  the  centre  or  some  part 

of  the  lower  surfiice ;  fig.  248,  681. 
Peltinerved:  peltately  veined. 
Pih'iform :  open  cup-shaped. 
Pendent,  pendulous :  hanging  down. 
PenicUlatef  pen(ciUi/orm :  tipped  with  a 

brush  of  hairs,  like  a  camers-hair 

pencil. 
Pennate:  same  as  pinnate. 
Ptnnijbrm:  feather-like. 
Penmnerved:  same  as  pinnately  nerved 

or  veined. 
Penta-,  in  Greek  derivatives :  five ;  as 
Pentacdrpdlary :  of  five  carpels. 
Pentacdccous :  of  five  cocci 
Pentagynia,  515. 


Pentdqynous :  with  five  pistils  or  styles, 
287. 

Pentdmerous :  of  five  parts ;  234,  239, 
fig.  354. 

Pentandria,  512. 

Pentdndrous  :  having  five  stamens,  279. 

Pentapetidous :  of  five  petals,  276. 

Pentaph^llous :  five-leaved,  275. 

Pentdpterous :  five-winged. 

Pentasepalous :  of  five  sepals,  274. 

Pentdstickous :  in  five  vertical  ranks, 
135. 

Pepo:  a  Gourd-fruit,  312. 

Pepper,  456,  469. 

Perennial:  lasting  year  after  year,  84. 

Perfect  flower :  one  naving  both  stamens 
and  pistils,  261. 

Perf6liate:  when  the  stem  appears  to 
pass  tlirough  tho  leaf;  165,  fig. 
293,  294. 

Perforate :  pierced  with  holes,  or  having 
transparent  dots  which  look  like 
holes. 

Pergameneous,  or  pergamentdceous  :  like 
parchment. 

Peri-,  in  Greek  derivatives  :  around. 

Perianth  (peridnthium) :  the  floral  en- 
velopes collectively,  either  of  one 
set  (calyx)  or  of  two  sets  (calyx 
and  corolla),  222. 

Pericarp :  the  ovary  in  fruit,  308. 

Pericdrpic :  belonging  to  the  pericarp. 

Perichati(d  :  relating  to  tho 

Pe'richfeth,  or  peric/hztium  :  the  cluster 
of  peculiar  leaves  surrounding  the 
base  of  the  fruit-stnlk  of  Mosses. 

Pcriclinium :  a  name  for  the  involucre 
of  Compositjc. 

Periderm :  same  as  Epiphloeum. 

Pe'rigone,  or  perigdnium :  same  as  Peri- 
anth. 

Perigi/nium :  bristles  or  other  organs,  of 
doubtful  nature,  around  the  pistil  in 
C}T)cracea?,  497. 

Perigynous :  borne  on  the  calyx ;  liter- 
ally around  tho  ovary ;  i.  e.  when 
the  petals  or  stamens  arc  adnatc  to 
the  base  of  the  ovary  or  to  tho 
calyx  ;  251,  268,  fig.  388, 389, 281. 

Peripetaious  :  around  the  petals. 

Peripheric:  surrounding  the  circumfer- 
ence, 325 ;  as  the  embryo  around 
tho  albumen  in  fig.  621. 

Perisperm:  the  albumen  of  the  seed, 
322,  or  that  albumen  which  is 
formed  in  tho  tissue  of  the  nadeosy 
323. 

Peristome,  502. 

PeritroDous,  peritropal  (seed) :  horizon- 
tal to  the  axis  of  the  fruit 

Perpendicular  system  of  tbo  stem,  112. 

Persimmon,  443. 
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Pavstent :  remaining,  lu  the  Iraves  of 

cvcrprcQtiB  iliroujjh  the  vrintcr,  1 72 ; 
nnil  iho  rfllvx,  &c.  of  many  plants 
until  iho  fruit  isi  fomicil,  379. 

Pgnaial'.:  masked;  278,  fig.  «59, 
4Ea 

PfTtiue:  having  slils  or  holcB. 

Penhte:  liavingpeiWai  or  liud-scalcs. 

Peruvian  Bark,  431. 

Prtal:  a  leaf  of  the  corolla,  129. 

PSalaie,  or  jM'jJoid:  pccul-like,  in  color 
and  texture,  £60. 

PinColar !  bonic  on  the  ptliolc. 

PAi(Aite,  jKSieltd :  having  a  petiole. 

Paielc!  Icafklalk,  149,  170. 

PrlUtlukUe:  iho  leaflet  ilalkcd,  lfl4. 

PaiUiJe:  the  stnlk  of  a  leaflet,  IM. 

Phantlgamdut,  or  plaaierigamoai :  hav- 
ing manifest  flower*.  G9, 

Pbienogomoua  or  rhancrogamoaa 
PlMlIi,  69.  36B,  37B. 

Phalangei!  bundles  of  oilelphuus  or 
cluslertsl  stamens. 

Phordnlhium:   tlio  rcccplucle  of  Com- 

Phrymaceie,  A  50. 

Phyailajii ;  bame  as  Algology. 

PltStla :  IcHTcg,  a74.    -/lAj/ifciw .-  leaTCd, 

BE  3-pli^loai,  threc-lpBTeil,  &c. 
Phgllodlneoia :  bearing  or  rD»cmbling  a 
PkgUildium !   a  dilat^  pctiula  taking 

the  place  of  a  blade,  170. 
Pislloldzit,  or p/igllalilxs,  133. 
PhysLolocical  Botany,  14,  17. 
Phytclophanlcie,  1S5. 
PkgtOgraphg !  deaeriplire  Botany. 
PhylolaecarcEe,  4G3. 
Ptylillaii/ :  Botntty  in  grncrsl. 
Ph^loa :  a  ttimiilo  phml-individual,  or 

plnnt-elementiSC. 
Phvtotoms :  vegetable  annlomy.  14. 
Piliatt,  I'tlci/arm :  like  a  cap  or 
PilfUt.  607. 
PUtorUat :  tbo  cap  of  a  root,  as  found 

in  somo  acgiiuiiu  plania ;  fig.  102. 
'Piliftn\u:  bearing  or  tipped  witlt  huirs 


Piliail!) 

Pimento,  41S. 

Pine-apple,  483. 

Pincy  Tallow,  400, 

Pink-root,  435. 

Piana:  one  of  the  primary  divisions  of 

a  pinnoccly  compound  Itaf,  IG4. 
Pinnair,  pinnuUdi   a  compound  lenf 

tvidi  lenflcts  aimngcd  along  the 

sidci  of  B  common  petiole  ;    Ids, 

flg.  288-290. 
Pinnaltfs  ^'A  '"'«'>  part^,  &c.,  160. 


iiSa. 
Pinmitc :  n  secondary  diriiio 

natcly  compoond  leaC 
Pipcracen!,  469. 
I'iperinc,  469. 
Pisijomt:  pca-shoped. 
Pistachio-nnt,  406. 
PiM:   the  ovule-hearing  o^an  of  a 

flower,  223,  a87. 
Pistillatf  :  rumiihcd  ivitb  pistils,  or  pb- 

tils  onlv,  261. 
PitliUldiam'.aal. 
Pitch,  480. 
Pilchm:  see  Ascidiu 


PM,  IIB. 
Pll«,  37. 

Pitlrd:  mai^vd  with  sniall  d< 
PilUd  tismt.  45. 
PltK^iOa :  the  plniT  or  port  of  llic  ot* 
whicll  bears  the  .      ' 

Placmlaliint  i  tbe  arrangcmCDl  of  pi 


Rliaped. 
Plailtd:  SCO  Plicate,  273, 
PIom:  flaL 
Plontnginaccio,  4-U. 
Plutansecro,  476. 
Platycdrpoui:  btoad-fVuilcd. 
Pleio.,  in  Greek  derivative*;  fiilloCa 

PltiaaienBoiu  .- 
PleurfHchi/n\a.- 
Ptaforhbtd .-  embri-o  with  tbo  r 

lying  Bgainst  tbe  etdc  or  edge  of 


273. 
Plum,  415. 
PlumbBginacMB,  444. 
P'.umoK :  (fathered ;  when  brisltes,  Jb 

have  fine  hoir^  on  eof^  ride  V 

the  plume  of  a  feather,  as  i 

pDS  of  Thistles,  &c. ;  Eg.  C 
Pliimule  ;  the  bnd  or  gnnriog  point  M 

the  embiyo  above  the  colylaf — " 

71, 324. 
Hun-,  in  words  of  Ijitin  origin;  aov- 

cral,  at  loast  more  thnn  one ;  u 
Ptur^i>reu$  1  eDvcral-floweml. 
Flan/oliiJaU :  bearing  at 
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PturUOniar!  screral-cellcd. 
Paculijormi  duep  cup-shnpcd. 
Podi  a  dry  duhisceiil  fruit,  315. 

PddtKptria:  sccd-suIk,  297. 

Poi«ilii:  secMmiroMs. 
PoailtUed   Mine  oi  AiHcnlate. 

PolcmoniaccK,  45.1. 

Pu/fsi .-  tin  coatvals  of  tbo  mntber,  123, 

SS5. 
PdttnAtJie,  aS6,  302. 

Pollnaa  :  jiollpn-massM,  SBO,  489. 

Foliiaijhvat;  Iwariiii;  jiolleii. 

Polg;  in  Grwk  coinijouiicls :  nnmeroua. 

Polyui!clphiii,513. 

Poli/oil^jihuid :  Lnving  llio  fiUments  ia 

Folyauilria,  M3. 

Palgdiulmia  :   wilh  nnmeroiu  BtBincnB, 

espceiallj    vchcu    ini^rted   OD    the 
iixt'pnu.fo,  2-12,  230, 


Palinlcco'is :  of  Hvcral  cocci. 

PtiycalyleiBHout :  having  acTCntl  Cotyle- 
dons, 79,  SiG. 

PoIvgalniTir,  411. 

PolVKBniui,5l3,  515. 

Pi/yjaiaoHS  :  hHvint;  both  perfect  aod 
•cpanited  Aowlts,  mif. 


Polygj'o*,  SI. 
Po^jgnout  1    '.. . 

■tiles,  S87. 
Palumeivat:  fanncil  of  mnny  members. 
Palmidejiho-it ;  vnrious  in  form. 
Petmpaalota:    having  diHinct   petola, 

249,  S73. 
PtffyjiAare  .■    a  rommon    rcceptulo    of 

many  carpel',  a*  in  Slrawbeiry. 
Pelypi^llina:  manj-lcaved  orMVct 
_      leaved,  276. 

ir  Potypodincn,  Ml. 


POlV] 

Palif^i. 


^gt^jialaia :  of  two  or  mc 
Kjiali,  249,  !TS. 
Polf^rmoia:  manv-secdrd. 
PMiporom:  ronwining  many  »poi««. 

Potjilfiuonom 


wilh  many  at 


Poarrmr  (in  the  flower) ;  nest  the  com- 
mon axia,  237. 
Psniicoiw    same  ns  cxtrono. 
Potato,  456,  465. 
Pamhi  tee  Silicic,  317. 
Prajtomlioa :  snmF  an  JGnlivalifn,  !D9. 
PraMlation:  lamc  as  Vrmalion,  143. 
PranHfru:  a*  if  bitten  off. 
PrieUa :  nnned  with 


•nelia 
•nckU, 


Prtmi. 


I,  62. 


J'riiuiiilk,  firiimalical :  wilh  flat  longi- 
ludinai  fatxf,  sepnmusl  by  angles. 

Pmctsi:  any  projection  from  0  surfiicc. 

Pnxuiiibeiil :  lying  along  the  ground, 
102.. 

Prodactd:  ptolonged  OT  extended. 

Pro-riHbri/o,  338. 

Pnitftinnu  (beHringofliiprin);) ;  derelop- 
ing  new  bmnrlicE,  flowen,  &c.  from 
Ilie  older  ou(^9,  or  from  unusual 
places. 

Proae:  lyinj;  face  downwards. 

rnipiT  jGin      -- 


n'/iyiBU,  41. 


ProstniiK :  lying  Hat  on  the  ground,  1 03. 
Prolcaccs,  46  B. 
I'rotcinc,  87  53,  67     96. 
ProlenSnlhoai     where  flowers  are  fro- 

duced  ciirliiT  Ihnn  lli.'  V-.vm. 
PnHhiltui,  OT  prololhaltat,  33f. 


AlgiE  and  Lichcnci  u* 


i,  57.  19G. 


as  if  frosted  over. 

PttudaJmlb .-  a  kind  uf  corm,  as  of  ejH- 

pliytic  Orrhidaceai. 
PtaiJo^panaitic:  same  a<i  epiphytic 
Plrrociitpoui :  wing-frujlcd. 
Plrroid:  winc-likfc 
Pidxsceiit:  clollicd  with  6o(l  Or  downy 

hairs,  OT  jiiiUxtnce. 
PuqiiiiiiJ'orm :  dagger-ahapcd. 
Pul<iue,  491. 
I'ulse,  413. 
Puleemixcut,  or  ptdrfivlml ;    ijutv  or 

powdery  on  the  nurfoce. 
Piilrinalc;  cosliioncd. 
PuUinut  (a  cn^liioii)  :   on  enlnr^ment 

at  oi  Ik'Iow  ihc  baseof  alcafatnll;. 
Pumpkin,  433. 

Pandatt:  (lotted  a«  If  by  piinriiirc*. 
Piiuijenl :  prickinp- ;  ri      " 


PMut-1 

.'biisi^r^d. 

" 

Piadmrr, 

.'  the  stone  o 

r  ibell  of 

•  dmpe. 

310 

P^niM 

the  slone« 

of  mudl 

dnqiN: 

lame  as  nucnlet. 

M6 

P^Jona :  ponr-shapcd. 
Pvrolcee,  or  Pyrolacc*,  440. 
P^iidate :  furnifthcd  with  u  Ud,  Hko 
Pj/xtiiiaiii,  or  pgrit  i  n,  pod  opening  \>j  a 
tidi  317,  fig.  S73,  ass,  9S0,  £c 

Quadnln^hT:  faur-nnglod. 
Q/iadri-,  in  latin  compounila :  four. 
Omdri/ariout!  la  four  Teriicul  ranks. 

Qiddn^d!  fbur-clcft. 
Qaadrifilil<^e  !  four-lcarcd. 
QuadnfisUolat* :  of  four  IcafloU. 
Quadrtjtigate  :  fbnr-paircd. 
Qmdripartile :  foor-partcd. 
QmtQdBng-nou,  160. 
Qauaia,  405. 

QaaUrnaiy  ;  conEistin<;  of  (bar,  !39. 
Qoalcrnary  pnidocts,  53,  ST,  196. 
Qaatfraau :  in  fbnn. 

QuM-,   in  Latin  cou]>onnds :   llvo   in 

Quinaiy;  coniisting  oT  tire,  234,  333. 
Qsinale:  in  Gyos, 
Qnincr.  416. 
Quiiirtfnciii/;flrc-Tankod;ina,qniacunx, 

135.  STO. 
Quinine,  Quinl«,  57, 433. 
QaiHqufjariout :  fivc-ninkfd. 
Qainqm/tlllale :  fivc-lcavcd. 
Q/ampiiJillialait :  of  fivo  leaflets, 
QuintpiStlrular  ;  fiv<vccJlod. 
Quiniguina.  Barh.  433. 
QHOifiiiile :  dividini;  into  flre  parts. 
Qumtu^-ribbed.OT 
Quiulii/Ji-nervtd,  ISG. 

Race:   a  raricty  pcrpetoable  bj  seed, 

356. 
Rikemr :  an  indofinito  inflnroccnco  witit 

single  iip<iiOTili'd  flower*  nrmni^ 

along  a  prolonged  axis;  211,  tig. 

307, 
SaatHtfrrout .-  liearinc  rBKmw. 
Haefnifiirm:  rencmbling  a  nicrma. 
Sdcanaie:    bcnring  or  resembling  ra- 

BiKhis  ;  see  IlliRchis. 
liadiiil :  bi-tonjiing  to  the  border  or  rajr, 
Bdditiie,  radiant :    sprwding    from    or 
arranged  oroand  a  centre ;  having 

litfdial'aJ-mnrd,  156. 

Rddiail .-  nIntinfF  to  the  root  (rtidi'r). 

Sadical  trava ;  those  apparently  epring- 

ing  fhim  the  root,  143. 
Eddimitt;  rooting. 

Bodied:  X  diminutive  root  or  mollet. 
Bodkifldrout :  flowering  from  tlio  root, 

or  apparently  so. 
Badidjitrm :  appearing  like  a  root. 
BaJicfei  adiminativonKil;  the  part  of 


on  embryo  below  Iho  c 
71,324. 

Radii:  rays. 
ItnSlenneefa,  463. 
HiBiiat.otnimial.-  rctoiing  tc 

143. 
Baafitta,  ranadt:  ibin  diotTy  u 

plaee  of  haim. 
Bamentdctowi !  bcarinj;  ramcDt*,  M  || 

stalks  of  many  Fcrnit. 
Jianiijieaiimi,  97. 
Bdnitjloroat :  flowering  on  the  bnnA 
Bqibdm:     bearing    brandies    (m 

braneh}'. 
Rdmulose:    bearing   amnr    brai 

[rdm«U). 
Rannncnlaccz,  380. 
RofJie :  tee  llhAplie. 
iiaphidet:  Ci^suls  in  pUntfl,  99 
Hare;  thinly  set )  sparse  or  few. 
Raspbrny.  416. 
Kaj/ .-  the  margirml  Howcn  of  a  head, 

when  different  from  ilio  re?l,  436 ; 

lh«  brandies  of  an  umbel,  te. 
Ray-fmnr,  436.  '^ 

BfCtjitadi!  of  the  flower,  224,  36G.  ^H 
^ece^itoi^ofinflorcsecnce,  211,  lift.  ^H 
Beeat!  same  na  linus.  l^M 

Bifclinafe,  refUmd!   falling  or  tiinM8<^ 

don'n  wards. 
B6:lincrpai :  parallcI-veined. 
Reeliiifrial ;  in  rertiiineor  rank*,  141. 
Btcilnvd:    cnrved, 

bactwards. 
RfdupHnUe,  ,-aiuplii 
Refilled:   bi'nt  dounwartb  or 

wartls. 
Rrfracltd:  snddcnif  bent  bodcvnii 
Rrjpilar:  the  memliats  eliko  ini' 

form,  239,  277. 
R^ijitrm:    kidne<f.«hapi>d  ; 

nHind-hoan-shaped.biiti 

greater  ihun  the  kngili ;  flg. 
Rrpdhd:  liowert,  the  margin    ' 

vinunle.  159,  fig.  !S7. 
R^nrnl:  isame  as  crecmnc,  102. 
ItciJirale.-  folded  ba^. 
Bepliim   (n  door-^VH;) ;  the  fivmt4tt» 

placmiw  of  Pnpuvemceic,  Sc.  f 

wbieli  the  rnlvcs  of  tlia  pod 

anuv  in  dehiseenee. 
ICeprodMlion,20.3I.H ; — i 

mons  pinntf,  330. 
Rfpnxlaetiiv  organs,  TO. 
Rrpianl :  same  as  repent. 
liecedaetie,  391. 
Jleains,  19S. 

Resptntion,  ITS,  199,  202. 
Itcstimzeio,  496. 
Rfnlplmilt :  Underside  Op,  or  fasting  i 

appearance. 
Rmiculalfd:  netted,  IS4. 


espociBlly    cntrtd 

mwanb  or  ^i^^^^M 

bent  backwarda^^^H 
n  eliko  in  nv  I^^^^M 

led,  but  Ote  bna^^^^| 
kngtli ;  flg,  S4|^^^I 
margin  obscnrel^ 
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Reticulated  duds,  46. 

Retindculum :  a  8taj  or  holdfast :  ap- 
plied to  tho  processes  bearing  the 
seeds  of  Acanthacese,  &c. 

RAinerved :  same  as  reticulated. 

Retronirred:  same  as  rccur\'ed. 

Retrofl€xed :  same  as  rciicxed. 

Retro/racted :  same  as  refracted. 

Retrdrse:  backwards,  directed  back- 
wards. 

Retroc^rted:  turned  upside  down. 

Rettise :  slightly  notched  at  a  rounded 
apex;  162,  fig.  272. 

R^colute^  revolutive:  rolled  backwards, 
144. 

Rhachis  (back-bone)  :  the  axis  of  a 
spike,  &c.,  211. 

RhamnaccsB,  408. 

Rhajyhe  of  an  ovule  or  seed,  299,  fig. 
529,  r. 

Rhatanv,  412. 

RhizdnthoHS :  root-flowcrcd ;  as  when  a 
flower  (like  Rafflcsia,  fig.  150),  or 
a  cluster  of  flowers,  &c.  without 
green  foliage  (like  Beech-drops), 
is  parasitic  by  what  answers  to 
roots,  on  some  foster  plant. 

RhvBocdqwM  (root-fruiting) :  having  a 
perennial  root. 

Rhizdma:  rootstock,  106. 

Rhisomorphous :  root-like. 

Rhizophoracese,  419. 

Rhodospermeie,  509. 

Rhombic:  rhomb-shaped. 

Rhomboidal :  approaching  a  rhomboid 
in  form. 

Rhubarb,  466. 

Rib :  a  strong  nen-e  or  part  of  the  frame- 
work of  a  leaf,  &c ,  145,  155. 

Ribbetl:  when  strong  nerves  or  ribs  run 
lengthwise  through  a  leaf,  &c. 

RicciacesB,  504. 

Rice,  498. 

Rimose :  with  chinks  or  clefts  (rtmce). 

Ring  of  Ferns,  501 ;  of  Mosses,  503. 

Ringent:  grinning;  when  a  bilabiate 
corolla  is  open,  278. 

RtparioHs:  along  water-courses. 

Root,  79. 

Root-hain,  81 . 

Rootlet :  a  very  small  root,  or  ultimate 
branch  of  a  root. 

Rootstock:  same  as  rhizoma,  106. 

Rosaces,' 4 15. 

Rosaceous:    rose-like,  276. 

RosteUate:  diminutive  of  rostrate. 

Rostrum :  a  little  beak. 

Rdstrate :  beaked,  bearing  a 

Rostrum  :  a  beak-like  projection. 

Rifsular,  or  rosulate :  shaped  like  a  ro- 
sette. 

Rotate :  wheel-shaped ;  278,  flg.  454. 


Rotation  in  cells  :  see  Cyclosis,  31. 

Rotiind,  rotundate :  of  rounded  outline. 

Rough :  see  Scabrid  or  Scabrous. 

Rubescent,  rubicund :  reddish  or  rosy. 

Rubiaceae,  431. 

Rubfginose:  rusty  reddish. 

Riideral :  growing  in  rubbish. 

Rudimentary:  imperfectly  or  incom- 
pletely developed. 

Rufescent :  approaching  to 

Rufous:  brown-red. 

Rugose :  wrinkled  {ruga,  a  wrinkle). 

Ruminated  (albumen) :  penetrated  with 
holes  or  channels ;  323,  383,  fig. 
658. 

Runcinate :  saw-toothed,  the  teeth  turned 
backwards,  161,  fig.  279. 

Runner,  102. 

Running  f  102. 

Rupestrine :  growing  naturally  on  rocks. 

Ruptile :  bursting  irregularly. 

Rusty :  sec  Ferrugineous. 

Kutaccse,  405. 

Rye,  498. 

Sdbuline,  or  sdhulose:  growing  in  sand. 

Saccate,  sdcci/orm :  sac-shaped,  278. 

Sac  of  the  amnios,  304. 

Saffron,  491,  437. 

Sdgittate :  arrow-headed,  or  arrow- 
shaped  ;  lanceolate  with  a  lobe  at 
the  base  on  each  side  pointing 
backwards ;  fig.  252. 

Sago,  481,485. 

Salep,  489. 

Salicncese,  or  Salicinias,  478. 

Salicine,  478. 

Saline,  salsuginous :  growing  in  salt 
places,  or  impregnated  with  salt 

Salver-shaped:  tubular  and  the  border 
spreading  flat  at  right  angles  to  tho 
tube  ;  277,  fig.  457. 

Salvinicffi,  502. 

Samara :  a  key  or  winged  indchiscent 
fruit,  314,  fig.  577,  578. 

Sdmaroid:  resembling  a  samara. 

Sambuccae,  431. 

Sandal-wood,  414,  469. 

Santalaceie,  468. 

Sap,  53,  190. 

Sapindaccae,  409. 

Sap-green,  408. 

Sap<^illa  Plum,  443. 

Sapotaceie,  443. 

Sop-wood,  35,  124, 126. 

Sdrcocarp :  the  fleshy  part  of  a  drupe, 
310,  312. 

Sannentdceous :  bearing  or  resembling 

Sannents :  runners  or  long  and  flexible 
branches. 

Sarraccniaccse,  387. 

Sarsaparilla,  493. 
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«ame  as  B^rrale. 
Sixa^t .-  liTins  in  rocky  places. 
Ssufrngaccn,  434. 
SctAnite,  icahrid,  wteabrriai!  rongh  lo 

the  touch. 
Seal<trifi>rm  :  Lut'lvr^hiiped,  or  bwrwl. 
Soalanfi/nn  duett,  4  S. 
Scala :  any  tbiQ  Kcalc-like  nppendiigcd ; 

usually  degencmteil  leavus,  105. 
Scallopfdi  Bamo  as  Crenale, 
Seal)  !  fnrnbhcit  with  acuka,  95,  191. 
ScBiumony,  455. 
Scandenl:  climhing-. 
Saipt:  a  fluwcr-sTnlk  riling  Trom  tliD 

ftroDnJ  or  near  it,  330. 
Scdpijbrai,  or  teopoia :    resembling   n 

Sean  see  LeBf-fcnr  anil  Hilum. 

Sedn'oae,  or  salriout:  tliin,  ilry,  and 
memliranaepont.        , 

Scalteitd:  either  sparsp,  or  wilhoat  ap- 
parent symmetry  of  arraaf^cmaat. 

Sehi»ndr¥i«,  .132. 

&('on ;  a  shoot,  cspccinlly  ono  used  for 
grafting. 

S:iuFoid:  like  a  tqaiirel's  tail. 

Sdenuiilicw,  3B6. 

Scl^Fogm  :  Butne  ai  Li^^ine,  3S. 

Sdlhlfiinn,  or  tctiiicvlor :  tike  eawduBt. 

Soirpimdi  coiletl  round  like  a  scorpion, 
as  the  branehes  of  Iho  cyme  of 
Ucliotropo. 

ScrAkiilMei  pitted. 

Bcrophnlarlactie.  148. 


lbs  cpidsrmia,  53. 
Scatatt,  Kiilifima :  shield-shaped. 
SciitM'form ':  ibaped  like  a  platter  (jki 

BeeTcliont,  51 . 

lied  Into  portions. 
tamed  to  ono  kida  of  n 


'  the  second  coot  of  an  oTulc, 


(,  10,320. 
Saal-itud,  308. 
"    iiPHfj  one  of  the  dirisioni  or  lolies 

of  a  leaf  or  other  organ;  159,375. 
Sl^rfgaU:  kept  separate. 
Simi-,  in  I^in  rompounds :  half. 
Senii-adierent :  the  lower  half  adherent. 
Sani-«iBpltxiniid :  haUk^laspini;. 
Stmi<:erdale :  half  heftrt-<bai>ed  (dhrided 

length  nrise). 
Smi-doMe.-  half-double. 
i^mi-/toievlar !  when  tba  flowen  of  a 

head  are  Itfrulale. 
Stmihainr.orsftailaaal*!  like  a  crescent 

or  half  niuon. 


Srminal :  relating  or  bdonglnf  to  M 

Semint/ireat :  ■oed-benritig. 
Seraioriiicuiar :  half-round. 
Semiomil:  half  of  an  oval,  i 
SaKioiia/a .-  half  of  an  ovala  fig"'^  ^ 

vidcd  long;iludiTMllr- 
Semitaiiitlate :  arrow-hciuled    with   DM 

lolia  wanting. 
Semiieplale :  a  partition  reaching  f"^ 

SemitereUz  hatf-erbndricsL 
SempfTrirait!  fyntrgaxn. 
Senna,  414. 
Sensitive  plants,  345. 
Sefnd:  a  cnlyx-lcaf,  333. 
Sepaliar,  sipattwi:   rehuing  fo  iqiali, 
Sifiialuid :  rciemUlnj;  a  scjiaL 
Stparaleiflaictrti  the  stamens  and 

pistils  oceupjifigscpni   "  "  — 

361. 

Sc/itoU :  with  a  partition  (•qrtm], 
Sf^KCda!,     tw     tfpi!c>di 

through  the  panitioi  . 

lines  of  junctioD;   316,  fis-'sst, 

Srpnfrroai :  bearing  a  partilioa. 
StpKlmftnl  z  where  (lie  vnlrra  sepMU* 

fnini  the  dissepitiients,  317. 
Sejilttin   (plural  trfikt) :   a  jiBititioQ  of 

any  kind,  316. 
S^ai,  or  sifriaU :  arrKDged  m  rowt> 
5cn«oa».'  silky. 


wards,  like  those  of  a  sa 

154. 
Simlara  i  the  teeth  of  a  senate  boi 
mtndatt !  serraco  with  Hne  teeth. 
Scsametc,  447. 
SAiik  (sitting)  :  not  stalked,  I4S,  311>V 

asi.  ^-^ 

Sfia !  a  bristle,  or  bristlc-bke  l<ody,  S 
Srlarrouf,  ttlilirni :  like  n  bristle, 
-Sf (fi^troMj .-  btiatle-benrinj:. 
Sctoir :  bearing  or  aboaDding  widi  bl 


Semiigvlari  lis-ongled 
Ixrfiiriouai  six-rowed. 

Sripartilt :  aix-parted,  &c. 


a  labnlar  bodv,  enclndng  *iM 
'onndiuf;  Hnne  odur;    a*  tW-] 


ShMh: 

surrouDdiiif.  .  ,    ... 

base  of  the  leavuf  of  Gnssc*  :  llflfl 
AlE-  >37-  I 

Shealking .-  Ibnning  a  shenth  ;  mo  Ti^J 
einalo. 

a/iieidt:  sea  Apotlicfla,  5 
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S^M'shaped:  see  Peltate,  158,%  248, 
681. 

Shoot :  any  fresh  branch. 

Shrub,  shntbbif,  101. 

Sfgillate :  as  if  marked  with  the  impres- 
sion of  a  seal,  ^s  in  Solomon's  Seal, 
fijer.  168. 

Sigmoid:  curved  like  the  Greek  sigma^ 
or  letter  S. 

Signs  used  in  Botanj,  517. 

Sileneae,  395. 

SCide :  a  pouch,  or  short  pod  of  Cm- 
cifene,  317,  fig.  703. 

Silicnlosa,  515. 

Siliculose:  having  or  resembling  a  sili- 
cic. 

Silfque :  a  long  pod  of  Cmcifcrsc  ;  317, 
fig.  589. 

Siliquosa,  516. 

Stiiquose :  like  a  siliquc. 

Silk-cotton,  399. 

Silky :  clothed  with  fine,  appressed,  and 
glossy  hairs,  produang  a  satiny 
surface. 

Silver-berry,  468. 

Silcer-gramy  120. 

Simambaccie,  405. 

Simple :  of  one  piece  or  rank. 

Simple  fntits,  309,  311;  leaves,  162; 
pistU,  288. 

Sinistrdrse :  turned  to  the  left. 

Sinuate :  strongly  wavy  on  the  margin, 
with  alternate  convexities  and  con- 
cavities; 159,  fig.  258. 

Sinut :  a  re-entering  angle  or  recess. 

Slashed :  same  as  I^iniatc. 

Sleep  of  plants,  344. 

Smilaccse,  492. 

Smooth  :  not  pubescent  or  hairy,  or  else 
(and  more  strictly)  not  rough. 

Snake-root,  412,  462. 

Soap-berry,  410. 

Sobdiferous :  bearing  shoots  («oWes). 

Social  (plants) :  growing  gregariously. 

Solanacese,  456. 

Solitary :  single  ;  alone. 

SolulJe :  separating  into  parts. 

Sortfdiate :  bearing  little  patches  on  the 
surface. 

Sorose :  heaped,  or  bearing. 

Sor6sis :  a  fleshy  multiple  fruit,  like  a 
roull)crry. 

Sori  (sing,  sonts) :  heaps  or  patches,  as 
thoKC  of  the  spore-cases  of  most 
Ferns,  called  in  English  fruit-dots, 
501. 

Spadicfous :  bearing  a 

Siwdix:  a  sort  of  fleshy  spike,  213. 

Span :  the  Icnjrth  spanned  between  the 
thumb  and  little  finger ;  seven  or 
eight  inches. 

Sparse :  scattered  and  generally  scanty. 


Spathdceous :  bearing  a 

Spathe :  the  enveloping  bract  of  a  spa- 

dix,  213. 
Spdthulate,  or  spatulate:  shaped  like  a 

druggist's  spatula. 
Special  directions,  341. 
Species,  19,  354. 
Specific :  relating  to  species. 
Sp^rmaphore :  a  name  for  the  placenta, 

or  the  funiculus  of  the  seed. 
Spermatozoids,  334. 
Spermic,  or  spermous :    relating  to  the 

seed. 
Sp^rmoderm :  the  outer  seed-coat,^  320. 
Spicate:  relating  to  or  disposed  in  a 

spike. 
Spicijorm:  spike-like. 
Spicula :  a  spikelet. 
hpUce:    a   prolonged    indefinite    inflo- 
rescence with  sessile  flowers,  212.  ^ 
Spikelet:    a  diminutive    or  secondary 

sjnke ;  the  ultimate  flower-clusters 

of  Grasses. 
Spikenard,  435. 
Spindle-shaped^  84,  fig.  138. 
Sjfnne,  104,  167. 

Spinescent :  tipped  with  a  spine,  104. 
&}inose:  spiny,  104. 
Spinulose :  bearing  diminutive  spines. 
Spiral :  as  if  wound  round  an  axis. 
ircU  arrangement  of  leaves,  134. 

find  markings  on  cells,  39. 
,  iral  vessels  or  ducts,  46. 

Spirese,  416. 

Spithamteous :  a  span  high. 

Spdngioles,  or  spongelets,  80. 

Spongy :  of  the  texture  of  sponge. 

Spontaneous  movements,  340,  347. 

Sporddic :  widely  dispersed. 

Sjpordngium :  a  spore-case,  337,  500,  &c. 

Spore:  the  body  in  Cryptogamous 
plants  which  answers  to  the  seed  in 
the  Pha^nogamous,  61,  70,  331. 

Spore-case,  337. 

Spori/erQus:  8|)orc-bearing. 

Spdrocarj) :  a  kind  of  sporangium,  502. 

SjiortSf  356. 

SiHfru/e :  a  spore,  or  small  spore. 

Sporuliferous :  bearing  sporules. 

Spumescent,  spumose :  froth-like. 

Spur :  any  tubular  projection,  278. 

Spurred:  bearing  a  spur,  278. 

Stpwtntate,  squamox,  squamiferous  :  fur- 
nished with  scales  (squama:). 

Squdmellate :  with  or  resembling  minute 
and  narrow  scales  (sqiiamJIa,  497). 

Squdmiform:  scale-shaped. 

S/udmuIiform :  like  a  small  scale,  or 

Stfudmuia,  497. 

Squdmulose :  covered  with  small  scales. 

Sjuarrose:  where  scales,  small  learet, 
or  other  bodies,  spread  widely  fingoi 
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ihe     axis    on     which    Ihejr    mro 

crowded. 
Sjadrnilote :  dimiaulivc  uf  SquoiTOse. 
SqDBih,  4S3. 
8quU]»,  493, 
Slaiked:  rnmished  niCh  a  Malk,  stem, 

or  nnj  lonjrlhonpd  support, 
Stalhd  fflnad!.  52. 
Slali.'lel :    B  dimiDutJTD  or   accondorj 

stftlk. 
Stamen  :  Ihe  fertilixing  oignn  of  ft  ftow- 

er,  S!3. 
iStdMinafc,  or  tlamiaeali  relating  lo  tho 

Hoincns.    A  jlauumife  fiower  bas 

nopuiiU,  S6I. 
l^mi)l^/enna  :  bearing  stamciu. 
Staminiidittm:  an  altered  and  stcrilo  sta- 
men, or  a  body  occnpying  Ihs  place 

of  A  stumco. 


Cilionn 
yU'iici 


Btar-nppk',  4 
Starch,  54, 1 
Staticcx,  44 


StclIntB,  432. 

Siellate:  Blurry,  ttftr-ahftpcd ;  smtngod 
in  rays,  ifko  the  points  of  ft  star. 

SleUatt  hair>.  S2. 

Sutlidiiie:  diminniivo  of  Siullulc. 


intemode  of  the  plumule. 


pistils, 


SliriU  sfamtni  or  jSamtM :  tl)ose  dcs- 

tittilc  of  onllict^,  or  with  tho  anther 

iinperTccl,  281. 
Stigma  :  the  port  of  a  pistil  which  re- 

cciTes  Iho  pollen,  S23,  387. 
Sligttiek,  or  sligiiiatmt :  relating  to  or 

bearing  ihu  siigmn. 
Stinip,  iliaijiny  hairs,  S3. 
Sipe  Itlipa) :  a  stalk  of  an  ovaij  <S6T), 

of  a  Mushroom   (5UT|,   and  llii) 

leof-alalkofaFcra. 
SHp^:  Ihcttipulooraleiiflei;  ITl.lig. 

286. 
SUprUale:  famished  with  stipels,  ITI. 
Sitiulala:  hivving   n  slipo,  267. 
Si^tifiirm  .•  shaped  like  a  stim. 
SlipulilciiKis,  illpalan  beloDging  to  OT 


SffjWafr,  tlipukd:  poaceanag  ■ 

171. 
Sllpute:  an  aeccEfory   port   of  a  leaf, 

ono  on  Caeh  side  Ot  tbo  bs»c,  145, 

170. 
Slach,  355. 

SliJe,  sIoloH :  a  roodng  brant^,  109. 
StalomferoM  i  bearing  ilokiiM. 
Stoma    (plural     Mania),    ilonaia:    a 

brentliing-porc,  53, 150. 
Slfmalifiroiit :  benrini:  aloiaatca. 
Simi !  tho  endocoip  of  a  dnipo. 
Sloiw/niif,  313. 
aiml:  the  plant  from  wbirh  lajcn  K 

propOffatctL 

Sloros,  425,  442. 
SlnuiiiimMH  itrav-li 
Slraiigrlalfit !  irrcculnrlf  c< 
Strajt^hipal :  scolji    "  "" 
StnUam :  a  layer. 
Strawberry,  416. 
Uriiile :    nuirked     i  _ 

strBokB  or  furrows  [ttriat. 
Strict:  very  Blniight  or  clow:,  or 

Strfgilliaii ;  Mmo  as  Stri|-o»o. 
Strisae:    clothi'd  with  sliDm  I 
.pressed    tuun    < 


Slnlliile ;  the  mne  of  a  Pine,  &c.,ai94 

SnJiilifiavia  ;  bearing  itrobiles. 
Stromlmlijirwu :  spirally  tidsicd,  li 

corkieitw  or  a  sirombui- 
Si-dpliiolt .'  Hune  as  a  Caruncle,  322.  | 
Structural  Botnii)-,  ii 
StniBuae:  iwolleD  oti 

Str>-chnine,  57.  434. 

iSliftiDts.-  tow-like. 

Sti^ :  a  columnar  or  slender  pari  of  dM 

pistil  above  tlio  OTsry,  233,  SS?. 
Slgli/eniu:  itrhMKoring. 
Stfii/a-m;  stylc-shaned. 
Siglopadiiuii .-    an  enlarginnent  or  flrahy 

diik  at  tbc  bu«  of »  style,  as  iit 

UmbelliTcne.  — 

StTtwcW,  442. 
Sitli-,  as  a  prefix,  raea 

slightly;  as  _ 
Saliacule  ■•  soiBOwhal  ai 
Saliclass,  3G2. 
SHhcorJate;  slightly  heart-shaped,  ft 
SiBmvtf:  ofa  eorky  textureL 
Subgenus,  361,  362. 
SniMuvjicd!  growing  under  water. 
Snbonier,  361. 

SulupMies :  a,  nunimd  variety. 
Subtribe,  SSI. 
SuUriraamn .'  growing  bctwalh  Ac  tt 

Cvtc  of  the  gi       " 
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S^Smlate,  gubidiform :  awl-shaped ;  nar- 
row, and  tapering  to  a  stiarp  ri^d 
point,  as  tho  leayes  of  Jaoiper,  &c. 
166. 

Succise :  as  if  cat  off  at  the  end. 

iyuoavte,  succtdent :  juicj. 

i&iccubous:  the  apex  of  each  leaf  coy- 
ered  by  the  base  of  the  next,  as  in 
Jungcrmannia. 

Succulent  leaves,  166. 

Sucker,  102. 

SujffruUscenl :  slightly  shmbby,  101. 

Suffi-utex :  an  underehmb. 

Sujff'tiUicose:  low  and  shrubby,  or  shntb- 
by  at  the  base,  101. 

8ngar,  53,  193,  194. 

Sukate:  longitadinally  groored. 

Super-,  above ;  as 

Sup€r<ixiUary :  above  the  axil. 

Superior :  above,  252  ;  also,  on  the  up- 
per side  of  the  flower,  i.  e.  next  the 
common  axis  (237),  as,  for  exam- 
ple, tlie  vcxillum  of  a  papiliona- 
ceoas  corolla  (fig.  372,  a)  is  tho 
superior  petal. 

Superposed :  one  above  another. 

Superposition,  248. 

Sup^rvoluie,  274. 

Supine:  lying  flat  with  (ace  upwards. 

Siqfpression :  obliteration  of  parts,  239, 
255. 

Supra-,  above  ;  as 

Supra-axillary :  above  the  axil. 

Supra-decompovmd :  several  times  com- 
pounded. 

Sdrculose :  producing  snckers. 

Sdrculus :  a  sucker,  102. 

Suspended:  hanging  from  the  apex,  297. 

Sttspensor  of  the  embryo,  306. 

Sutural :  relating  to  the 

Suture :  the  seam,  or  lino  of  opening 
of  apod,  &c.,  289. 

Sword-shaped:  a  blade  with  two  sharp 
and  nearly  parallel  edges,  tapering 
to  a  point,  as  in  Iris,  ng.  291. 

Syconium,  or  syconus :  such  a  fruit  as  a 
fig. 

Symmetrical:  equal  in  the  number  of 
all  tho  parts,  232,  239. 

Sympetalous :  becoming  somewhat  mon- 
opctalous  by  a  junction  of  the  base 
of  the  petals  with  the  monadel- 
ptious  stamens,  as  in  the  Mallow 
family. 

Smphydntherous:  same  as  Syngenesious. 

Symphysis :  a  growing  together  of  parts. 

Symphyst^monous :  the  stamcais  united. 

Symplocines,  443. 

&fndntherous:  united  by  their  anthers; 
whence  CompositiB  have  been 
named 

Synantherse,  435. 


SyncdrpoHS :   formed  of  two  or  more 

united  carpels,  290. 
Syncotyl^onous :  the  cotyledons  sofderod 

together. 
i^nedfxU:  growing  on  the  angles. 
Syn^ma :  a  name  for  a  column  of  mon* 

adelphous  filaments. 
Svngencsia,  513. 
Syngenesious:  stamens  united  by  their 

anthers  ;  280,  fig.  463. 
Synonyme:   equivalent  or   superseded 

names. 
Symfnymy :  what  relates  to  synonymes. 
System,  365,  366. 
Systematic  Botany,  15,  351. 

Taltescent :  wasting  or  shrivelling. 

Tabular:  flattened  horizontally. 

TeUl:  any  long  and  slender  terminal 
appendage. 

Tail-pointed :  tipped  with  a  prolonged 
and  weak  acumiiuition. 

Tannin,  Tannic  Acid,  57. 

Taper-pointed:  same  as  Acuminate. 

Tapioca,  472. 

Tap-root,  84. 

Tar,  480. 

Taro,  485. 

lawny:  dull  yellowish,  verging  to 
brown. 

Taxineae,  480. 

Taxdlogy,  or  Taxdnomy:  the  depart- 
ment of  Botany  which  relates  to 
clarification. 

Tea,  401. 

Teasels,  435. 

Teeth  of  calyx,  corolla,  &c.,  275 ;  of 
leaves,  1*59. 

Tegmen :  the  inner  seed-coat,  321. 

Tendril,  102,  167. 

Tepal :  a  narao  proposed  for  a  leaf  or 
part  of  the  perianth  when  it  is  un- 
certain whether  it  belongs  to  the 
calyx  or  the  corolla. 

Teratology :  morphology  applied  to 
monstrous  states. 

Tercine :  a  thinl  coat  of  the  ovule. 

Terete :  long  and  round,  i.  e.  tho  crof<s- 
section  circular. 

Tergeminate :  thrice  twin. 

Terminal:  belonging  or  relating  to  the 
summit. 

Terminology:  the  same  as  Glossology, 
15. 

Ternary :  consisting  of  three,  239. 

Ternary  products,  53. 

Ternate:  in  threes. 

TomstmemiaceaB,  401. 

Tessellated:  in  checker-work. 

Testa :  the  outer  seed-coat,  320. 

Testaceous:  brownish-jrellow,  like  im- 
glazed  earthen-ware. 
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7i(ra-,inGreefcwiniponnil  words:  four. 
TtlraoirpeUuT!/ :  of  four  oirpcls. 
T<Hra.-diHarait:  srnuc  iw 
Trtraaii^eoas  :  uX  font  coea. 
Tptnidyiiumia,  5ia. 
Tdrad^taii^Mt  -.  iwo  of  Hie  six  stnmcnB 

shorter  ihim   l)io  rest;    SSI,   fig. 

407. 
Ttlra)cmel.atletrr^nout:  fonr^mgled. 
Totrogjiiia,  S15. 
Ttltdiinaoas:  with  four  pistils  or  itylM, 

28T. 
Ti^rdmrroat :  iho  pnrts  in  fours,  331, 

833. 
Temmdria,  SIS. 

Tefn&irfmru.-  with  four  Mamens,  279.' 
Telrapaaloia !  with  four  petais,  376. 
Tfimpli^llBut :  four-leaved,  S7S. 
lilruiniclroia  :  qunJningular,  wilh  yerj 

■harp  nnd  soiiEnt  onglei. 
Tetrai^pataia !  with  four  scpaln,  3T4. 
Tflrdilirlioat !  with  four  ccrtical  tsnka. 
7%i!amifli>niua  :  with  (he  slamcns,  liic. 

inserted  in  the  rerepmi'lc,  or 
7%lSaiiiHa:  the  receptncfo  of  n  flower. 
ThnllopbvKw,  371,505. 

TMIus,  67,371,505. 

2M<™;  Hrnnlhcr-doU,  281  ;   oraspore- 

enie,  499.  500. 
TTi»aphare:  snmo  m  Gmophore,  S67. 
ThrMd-thapal!  gna  Filii'onn,  1GG. 
TTmal;  the  oriliee  of  u  tubular  organ. 

275.  276. 
7Wn.  104. 

Hii/ne,  or  ihirsus;  n  Illicit  panicle,  21T. 
Thipraoid:  Nkcathyrso. 
ThvmtlaceiH,  467 
Tieuto,  434. 
TiliumD,  399. 

Titsiit!  the  fabric  of  plsnta,  SS. 
Tobnceo,  4SG. 
Tomato,  45Q. 
TamentoK:  clothed  with 
Tbm^fifum :  a  close  and  matted  down  or 

Tangue-thapeit ;  long,  fleshy,  nenrly  flat, 

and  rounded  at  the  end. 
Tonka-bean,  4U. 
Toolh :  any  sliort  and  narrow  projw- 

TWIaI:  same  bs  Dentalo;  hncC  with 
tcctli  which  on  the  li-nf  do  not  point 
ror«-Hrds;  159,  fig.  255. 

Top^thaprd:  invcreclv  conical. 

Tarme:  a  cyliodricnl  body  swollen  at  in- 

Tor/Hout.-  bent  in  different  directions. 
TiSnilote:  Eoniewhnt  torosc. 
Torus:  the   receptacle   of   Iho  flowor, 
224. 


rically   four-aided,    Ulic   i 

Ttft,  101. 

Tri-.  in  eomponnd  words :  thnw ;  i 

Trioiliftphoui :  having  the  tilamcnU  | 

three  sets,  SSO. 
Triindria,  512. 
Tridadmas :  with  throe  aton 
Triani/nlar ;  thn-e-nrclcd. 
Triaiiiliovt :  throc-floifcrHL 
Tribe,  361. 

Tticdrpdlary  :  of  thrco  carpels. 
Tr/rrfrfnui ;  with  three  ovnrics. 
Tricfphaloan  three-headed. 
TricMbuHoia  :  branched  into  IllKM. 
TricdcoHit!  irf  three  cocci. 
TrkirpidaU!  three-pointed. 
TridiitlaU!  ihrce-toolhed. 
Triennial;  lasting  three  ycnrs. 
Tri/arioiu!  in  throe  vertical  nwlu. 
Trijid.-  Uirw-chift  ;  150,  fig.  2*5. 
Tnfdliait:  ihrw-looved. 
TTifdliolale :  of  three  leaflets. 
Tnjurcate:  threc-forLcd. 
Triganima:  having  three  sorts  of  flonnt. 
Trf i/tMKi/,  or  IrijoHoia  :  (lircc-angled. 
TriB}'uiit,S15. 
Trdjgnoas :  with  three  pistils  or  ai 

S87. 
Trilvi/alr:  three-paiicil. 
Triliiltral:  three-sided. 
TriUinceic,  493. 
Td'olali:  Ibrce-Iohed. 
Trildailar :  Ihree-cellori. 
Triiiieroua:   the  parts  in  IhRes ; 

239,  fig.  353. 
TVi'nA-rafe;  three-nerved. 
Triiukhl:  of  three  node*  or  joii»«. 
Triiccia,  S16. 
Triacioia,  or  trioicous,-  linving  • 

nnte,  piitillnie,  and  porfret  llowi 

on  three  dilTcrcnl  plnnta. 
TridPuliUe :  having  ihrec  ovule*. 
THparlible :   ci^bls  of  splitiin^  ii 

Tripdrt!le!  three-fwrted. 
Tripaalaa;  of  tlireo  petals,  276. 
TriMlmu:  three-lcBTed,  275. 
Tnpbimtti  thrice  pinnate,  IG4. 
Trimmatljid:  thrice  ninnatilid,  16). 
Tr/ple-ribbtd.  or  nervld:  same  aa 
TnpH-iiaved,  155. 
Tr^erotU!  tliree- winged. 
TVifiMInwi :  with  three  salient  ai^rleo. 
Ti-ianpaloiU!  of  three  scjmIs,  974. 
Tritiftial,  Or  Iritirialt .-  in  throe  horiMI 

TrinKdiout  i  in  three  vertical  ranlci,  II 

Trittirimdik :  with  llircv  atigmoi. 
Trisij/loai !  with  llireo  siyla. 
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Tn'siilcate:  thrce-grooiiecl. 

TriUmate:  tlirico  ternate,  164. 

Trivial  name :  the  popular  name ;  or 
tho  specific  namo. 

Trochlear:  pulley-shaped. 

Tropteolaccfl},  404. 

Ti-ofihospenn :  the  placenta. 

Tropical :  growing  near  or  between  the 
tropics. 

Trumpet-shaped:  tubalar,  with  the  sum- 
mit dilated. 

Tnmcate :  as  if  cat  off  at  the  end ;  162, 
fig.  271. 

Trunk :  a  main  stem. 

Tube:  tho  portion  of  a  calyx,  corolla, 
&c.  formed  by  the  union  of  tho 
sepals,  petals,  &c.,  275. 

Tuher:  a  short  and  thickened  subterra- 
nean branch,  107. 

Tubercle :  a  small  tuber,  or  an  excres- 
cence. 

Tubercled:  bearing  excrescences. 

Tuberiferous :  bearing  tubers. 

Tubenus :  tuber-like  ;  85,  fig.  139. 

Tubulose,  tubular :  having  a  tube,  or 
tube-shaped,  as  the  corolla  of  Trum- 
pet Honeysuckle,  &c.,  277. 

Tubuliflorse,  436. 

Tumid:  somewhat  inflated. 

Tunicate :  having  an  accessory  covering 
(tunic). 

Tunicated  bulb,  109. 

Turbinate:  top-shaped. 

Turio^  turions :  the  early  state  of  a  suck- 
er or  subterranean  shoot,  as  an 
Asparagus-shoot,  95. 

Turmeric,  490. 

Tunicraccae,  422. 

Turnip-shaped:  see  Napiform,  84. 

Turnsole,  473. 

Turpentine,  57,  480. 

Twin :  in  pairs. 

Twining :  winding  spirally  ronnd  a  sup- 
port, 102. 

Two^ipped^  255. 

Tjfpe:  tho  pattern  or  ideal  plan,  231, 
238. 

TvphacciE,  485. 

Typical :  representing  the  type  or  plan. 

Uliginose:  growing  in  marshes. 

Ulmaccie,  474. 

Ill  mine,  Ulmic  Acid,  57. 

Umbel:  an  umbrella-shaped  inflores- 
cence, 212. 

UmMlate,  umbdliform :  in  umbels. 

Umltellet:  a  secondary  or  partial  nm- 
l)el.  216. 

UmbelliferjE,  425. 

Umbelli/trows :  bearing  umbels. 

Umbiiicale:  depressed  in  tho  centre, 
like  the  navel. 

47 


Umbilicus :  the  hilum  of  a  seed ;  a  cen- 
,      tral  depression. 

Umbonate:  bearing  an  nmbo  or  boss, 
a  central  projection. 

Umbrdctdifonu :  umbrella-shaped. 

Unarmed:  destitute  of  prickles,  spines, 
&c. 

Uncate:  hooked. 

U'nci/brm,  or  uncinate :  hooked* 

Undate,  or  undulate :  wavy. 

Undershnd>,  101. 

Unequally  pinnate :  same  as  impari-pin- 
nate,  163. 

Unguiculate :  furnished  with  a  claw  (un- 
guis), as  tho  petals  of  Supouaria, 
'    276,  fig.  449,  &c. 

Uni;  in  Latin  compounds :  one. 

Unicellular:  one-celled,  61. 

Uni^Orous :  one-flowered. 

Unifdliate :  one-leaved. 

Untfoliolate :  yriih  one  leaflet. 

Unijugate:  of  only  one  pair,  164. 

Unildbiate:  one-lipped. 

Unilateral :  one-sided :  either  all  dis- 
posed on  one  side  of  an  axis,  or 
turned  to  one  side. 

Unil<kular :  one-celled. 

UninefnxUe :  one-ner>'cd. 

UniOvulate :  one-ovulcd. 

Unip^talous:  having  only  one  petal,  as 
in  Amorpha,  fig.  395. 

Unisonal f  or  unis/riate:  in  one  horizon- 
tal row  or  whorl. 

Unisexual:  having  stamens  only  or  pia- 

,      tils  only,  261. 

Uniralved :  of  one  piece ;  one-valved. 

Universal :  same  as  General. 

Upas,  475. 

UrceUate:  pitcher-shnped  or  urn-shaped ; 
i.  e.  hollow  and  contracted  at  the 
mouth. 

Urticaceae,  473. 

Utricle :  a  small  bladdery  fruit,  314. 

Utricular:  bladder-like. 

Utriculariacea?,  or  Utriculmineie  :  same 
as  Ix^ntibulacea',  445. 

Utriculijhrm  :  shaped  like  a  little  bottle. 

Utricufose :  bearing  utriculi,  or  bladders. 

U^iilarieo;,  494. 

Vacciniea,  or  Vacciniacese,  439. 

Vagina :  the  sheath  of  a  leaf,  &c. 

Vaginant:  sheathing. 

Vaginate :  sheathed. 

Vagtnula :  a  little  sheath,  as  that  around 

the  sporangium  of  Peat  Moss. 
Vag(mdate  :  with  a  vaginula. 
Vague :  in  no  definite  order  or  direction. 
Valerian,  434. 
Yulerianaceie,  434. 
VaU^culce:    the  intervals  between  the 

ridges  of  the  fruit  of  Umbellifene. 
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Valvalt   or   v^lndar  n»iivalioii, 

whcro  Iho  parts  moct  hy  ihcircilgta 
widioat  ovcrlnpping,  144,  S73. 

VaUt:  a  iloor,  or  portion  ioio  which  a 
pod,  &C.  BCpxratci  in  dchiaccarc ; 
also  a  piece  or  lenf  o(  a  «piithv,  &.C. 

Valefd:  Ducninc  by  volvCG. 

Vnnilln.  4»9. 

Variffialed :  tuvio^  one  or  tvm  colon 
ditpoicd  in  patDhca. 

Vnrielit's,  355. 

VoKiJiir ;  relating  to  or  fnmlshod  with 

Vnscnlar  riants,  68. 

VoKolnr  or  vanijhrn  Uaiu,  40,  45. 

Vaxxlam :  wmo  as  ABciilium. 

Vcgelablo  liory,  484. 

Vugclable  Pbyaiology  wul   AnUomj, 

Vca:  EceCalyptra. 

Vtintd:  fnrniihcd  with  slender  TiKcnlnr 

or  woody  buiirtlCT,  especially  with 

bmnching  onoa,  or 
Vtim,  14S,  ISS. 

Yiialat!  destiluto  of  appuront  Tci 
VtiiJttM!  the  stnaller  nimilicatioiiB  of 

Vdatt!  veiled. 

Vdilllnoai !  velvety  ;  covered  with  vary 
lino  nnd  close  eoft  hnirs,  eo  that 
Iho  lurfara  KscmbleB  i-elTCt  to  ' 

Ytnation  ;  tho  raodo  of  voining,  1 54. 
VifnoK:  veiny;  nboimding  in  veing. 
Vaitrat:  relating  to  the  iuntrBidoofa 
simple  piacil,   viz,   that  noxt  the 

Vtelnil  s^un :  tlio  inner  euwro.  aB9. 
,    V^ntriaaei  big-liollicd  ;  anrel ling  out. 
I   VttiMaJose!  Eomewliat  ventricose. 
I  Vinidott  1  abounding  ia  veinleU. 
,    VerairiN,  494. 
Terlmnoccio,  449. 
Vtnniadar :  wonn-like,  in  Ghapo  or  ftp- 

pcorance. 
Vtmat :  belonging  to  epring. 
VemalioH:  Iho  diapoaidon  of  leaves  in 
the  bud,  143. 
J  V&ninM!  vnniislwd. 
B*'R5ti«)om.-  warty. 
^  Kstvcu/om;  Btuiidcd  with  little  wnrts. 
I  YifnatlU;  swinging  to  and  fro ;   282, 
f  fig.  471. 

i   Valfi:  theBnmmit. 
I  Vifrtical :  perpendicular,  lengthwise. 
r    Vtriical  havts.  165. 

Verlieai  liaiie  or  tattia,  45.  SO,  112, 
Venial,  or  t:erticd.-  s  whorl,  9a,  134. 
Verticillibla- ;  the  pair  of  dense  cvniee 
forming   an    apparent  vcrtii-il  in 
mo^t  Labiiitin.  S21. 
VmCciltalt!  wliorliiJ,  133,  142,  221. 


Yictpaiine  :  appearing  oi 

tlic  cnrly  evening. 
VesscU,  40. 

Vciillar^  awlivation,  ST  I 
Viiitlarg!  pertaining  lo  i 
Yixtllum.-  tlie  standard  ofapafalion 

ceons  cotoUb  ;  !53,  6g.  392,  a. 
Villoiie,  or  viHem  .■  shagof  willb.  long'  •! 

soil  haiis,  or  vWatiti/. 
ViiiiiiitBia :   bearing  or  memUini;  le 

and  flexible  twigs,  like  wicker. 
Vute.'  any  trailing,  climbing, or  twinii 

stem.     The  Vate,  origioallj,  is  tl 

Grape-vine. 
YiolftceiB,  or  Violaricc,  392. 
VMscent!  somenliai  grceo  (rVBii 
Viriialii!  tw%-likD;  wanil-like. 
ViridtaMd !  same  as  VircsceaL 
ViKid,  vixout:   sticky  from,  b 

cioua  tecrctioa. 
VitttiWD,  407, 
ViU^us :  the  thickened  cmtnTO-tae  po*''! 

lisiont  ia  iho  seed,  as  iu  &aDruiair>l 

and  Broscnla.  ■ 

Vitkuiote:  producing  small  Sttckcrt  crfl 

stoloni  Ivitiaila).  W 

Vitta  ffiUelE) :  the  oil-receptacles  of  A*',] 

fruit  of  Uiab«11ifcrni,  4!G. 
%'iliaU  1    bearing  vitta  :   mnrkc 

longitudin^    stripes     or 

426. 
Viv^itms:  germinating  from  tbo  teed 

(330),  or  sprouting  from  a  bulb, 
while  still  attachiHl   to  tlw 


yaluoU:  twinvni 


twining,  103. 
'olule;  rolled  np. 
■oira:  the  wrapper  of  FuDgi,  BOT> 

Watnat,  47S. 

Wneg:  aae  UnilalnlC. 

Wax,  56. 

li'ii^ .-  resembling  beeswax  in  appo 


H7ierl-ilia)itd:  a  corolla  or  calyx  wilh  | 
a  very  short  tnbo  and  a  flat-  J 
sptcoding  border;  278,  fig.  454. 

ir^J .'  a  Eet  of  ot^ns  arranged  io  li 
circle  ronad  an  axis,  92,  '" 
321. 

Whorled;  dispoeoil  in  whorls. 

Whortlebeny,  439. 

Wild :  growing  sponlancoosly. 

Wing:    any  mcmbranuni    expi 

'Also  the  two  side  petals  of  a  ni-  1 
pilionaccoDB  corolla ;  253,  hf,  J 
392,  b.  -■ 
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Winged:  proridcd  with  winj^. 

Wimere©  (or  Wintcraceae),  381. 

"Winter's  Bark,  381. 

Witlteriwf :  see  Marccsccnt 

Wood,  1*19. 

Woodu  tissue  or  Jibre^  40. 

Woolly :  clothed  with  long  and  curling, 

or  matted,  soft  hairs  or  wooL 
Worm-seed,  465. 


Xvridaccae,  496. 

Tarn,  492. 

Zanthoxylaccae,  or  iSanthoxyleie,  406. 
ZingiberacesB,  489. 

Zoospores:  free-moving  spores  of  cer- 
tain Algaj ;  336,  fig.  637,  644. 
ZygophjllaccflB,  404. 


THE  END. 
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